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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to growth fac- 
tors, particularly to isolation of a polypeptide growth fac- 
tor similar to a family of factors including known 
fibroblast growth factors (FGFs). This invention also 
relates to construction of complementary DNA (cDNA) 
segments from messenger RNA (mRNA) encoding the 
novel growth factor. Further, this invention pertains to 
synthesis of products of such DNA segments by recom- 
binant cells, and to the manufacture and use of certain 
other novel products enabled by the identification and 
cloning of DNAs encoding this growth factor. 

ABBREVIATIONS USED IN THIS APPLICATION 
[0002] 

aFGF acidic fibroblast growth factor 

bFGF basic fibroblast growth factor 

EGF epidermal growth factor 

HSAC heparin-Sepharose affinity chro- 

matography 
kb kilobases 
kDa kilodaltons 
KGF keratinocyte growth factor 

NaDodS0 4 /PAGE Sodium dodecylsulphate 
(SDS)/polyacrylamide gel electro- 
phoresis 

RP-HPLC reversed-phase high performance 

liquid chromatography 
TGFa transforming growth factor a 

BACKGROUND OF THE INVENTION 

[0003] Growth factors are important mediators of 
intercellular communication. These potent molecules 
are generally released by one cell type and act to influ- 
ence proliferation of other cell types (see reference 1-1 
in Experimental Section I, below). Interest in growth fac- 
tors has been heightened by evidence of their potential 
involvement in neoplasia (reference II-2 in Experimental 
Section II, below). The v-s/s transforming gene of sim- 
ian sarcoma virus encodes a protein that is homologous 
to the B chain of platelet-derived growth factor (1-1 , 1-2). 
Moreover, a number of oncogenes are homologues of 
genes encoding growth factor receptors (1-1). Thus, 
increased understanding of growth factors and their 
receptor-mediated signal transduction pathways is likely 
to provide insights into mechanisms of both normal and 
malignant cell growth. 

[0004] One known family of growth factors affecting 
connective tissue cells includes acidic fibroblast growth 
factor (aFGF), basic fibroblast growth factor (bFBF), and 
the related products of the hst and int-2 oncogenes. 
[0005] Further, it is known that some growth factors, 



including the following, have heparin-binding properties: 
aFGF (I-20, 1-21 ); bFGF (1-19, 1-20); granulocyte/macro- 
phage colony stimulating factor (1-1); and interleukin 3 
(1-1). Each of these polypeptide factors is produced by 

5 stromal cells (1-1, I-2, I-25). Such factors appear to be 
deposited in the extracellular matrix, or on proteogly- 
cans coating the stromal cell surface (1-1, I-25). It has 
been postulated that their storage, release and contact 
with specific target cells are regulated by this interaction 

10 (1-25, I-28). 

[0006] It is widely recognized, however, that the 
vast majority of human malignancies are derived from 
epithelial tissues (I-5). Effectors of epithelial cell prolifer- 
ation derived from mesenchymal tissues have been 

15 described (1-1, 1-2, I-3), however, their molecular identi- 
ties and structures have not been elucidated. 
[0007] In light of this dearth of knowledge about 
such mesenchymal growth factors affecting epithelial 
cells, it is apparent that there has been a need for meth- 

20 ods and compositions and bioassays which would pro- 
vide an improved knowledge and analysis of 
mechanisms of regulation of epithelial cell proliferation, 
and, ultimately, a need for novel diagnostics and thera- 
pies based on the factors involved therein. 

25 [0008] This invention contemplates the application 
of methods of protein isolation and recombinant DNA 
technologies to fulfill such needs and to develop means 
for producing protein factors of mesenchymal origin, 
which appear to be related to epithelial cell proliferation 

30 processes and which could not be produced otherwise. 
This invention also contemplates the application of the 
molecular mechanisms of these factors related to epi- 
thelial cell growth processes. 

35 SUMMARY OF THE INVENTION 

[0009] The present invention relates to develop- 
ments of protein isolation and recombinant DNA tech- 
nologies, which include production of novel growth 
40 factor proteins affecting epithelial cells, free of other 
peptide factors. Novel DNA segments and bioassay 
methods are also included. 

[0010] The present invention in particular relates to 
a novel protein having structural and/or functional char- 
ts acteristics of a known family of growth factors which 
includes acidic fibroblast growth factor (aFGF), basic 
fibroblast growth factor (bFBF) and the related products 
of the hst and int-2 oncogenes. This new member of the 
FGF polypeptide family retains the heparin-binding 
so properties of the FGFs but has evolved a unique target 
cell specificity. This growth factor appears to be specific 
for epithelial cells and is particularly active on keratinoc- 
ytes. Therefore, this novel factor has been designated 
"keratinocyte growth factor" (KGF). Notwithstanding its 
55 lack of activity on fibroblasts, since it is the sixth known 
member of the FGF polypeptide family, KGF may also 
be referred to as FGF-6. According to the present inven- 
tion the term "KGF or KGF-like proteins" means an iso- 
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CRTQWYLRIDKRGKVKGTQEMKN 
NYNIMEIRTVAVGIVAIKGVESEF 
YLAMNKEGKLYAKKECNEDCNFK 
ELILENHYNTYASAKWTHNGGEM 
FVALNQKGIPVRGKKTKKEQKTA 
H F L P M A I T, 

wherein said segment has mitogenic activity for a kerat- 
inocyte, cell, and wherein said segment may further 
include methionine at the amino terminus. 
[0022] : In a still preferred embodiment the KGF pro- 
tein has a specific activity of at least about 3.4 x 10 
units per milligram of protein, where one unit of activity 
is defined as that amount which causes half of the max- 
imal possible stimulation of DNA synthesis in BALB/MK 
keratinocyte cells. 

[0023] In a still preferred embodiment the KGF pro- 
tein comprises Met at the amino terminus. 
[0024] Accordingly, this invention relates, in part, to 
purified KGF or KGF-like proteins and methods for pre- 
paring these proteins. Such purified factors may be 
made by cultivation of human cells which naturally 
secrete these proteins and application of isolation meth- 
ods according to the practice of this invention. These 
proteins can be used for biochemical and biological 
studies leading, for example, to isolation of DNA seg- 
ments encoding KGF or KGF-like polypeptides. 
[0025] The present invention also relates to such 
DNA segments which encode KGF or KGF-like pro- 
teins. In a principal embodiment, the present invention 
relates to DNA segments, which encode KGF-related 
products, consisting of: human cDNA clones 32 or 49, 
derived from polyadenylated RNA extracted from the 
human embryonic lung fibroblast cell line M426; recom- 
binants and mutants of these clones; and related DNA 
segments which can be detected by hybridization to any 
of the above human DNA segments, which related seg- 
ments encode KGF-like proteins or portions thereof. 
[0026] In the practice of one embodiment of this 
invention, the DNA segments of the invention are capa- 
ble of being expressed in suitable host cells, thereby 
producing KGF or KGF-like proteins. The invention also 
relates to mRNAs produced as the result of transcription 
of the sense strands of the DNA segments of this inven- 
tion. 

[0027] In another embodiment, the invention relates 
to a recombinant DNA molecule comprising a vector 
and a DNA of the present invention. These recombinant 
molecules are exemplified by molecules comprising a 
KGF cDNA and any of the following vector DNAs: a bac- 
teriophage X cloning vector (exemplified by ApCEV9); a 
DNA sequencing plasmid vector (e.g., a pUC variant); a 
bacterial gene expression vector (e.g., pKK233-2); or a 
mammalian gene expression vector (such as pMMT). 
[0028] In still another embodiment, the invention 
comprises a cell, preferably a mammalian cell, compris- 
ing a vector with a DNA of the invention. Further, the 
invention comprises cells, including insect cells, yeast 



cells and bacterial cells such as those of Escherichia 
coli and B. subtitis, comprising a vector with DNAs of 
1 the invention. According to another embodiment of this 
aspect of the invention, the transforming DNA is capa- 
5 ble of being expressed in the cell, thereby increasing in 
the cell the amount of KGF or KGF-like protein encoded 
by this DNA. 

[0029] The primary KGF translation product pre- 
dicted from its cDNA sequence contains an N-terminal 
w hydrophobic region which likely serves as a signal 
sequence for secretion and which is not present in the 
mature KGF molecule. In a most preferred embodiment 
of the gene expression aspect of the invention, the cell 
transformed by the DNA of the invention secretes the 
15 protein encoded by that DNA in the (truncated) form that 
is secreted by human embryonic lung fibroblast cells. 
[0030] Still further, this invention contemplates KGF 
or KGF-like proteins produced by expression of a DNA 
of the invention, or by translation of an RNA of the inven- 
20 tion. Preferably, these proteins will be of the secreted 
form (i.e., lacking an apparent signal sequence). These 
protein factors can be used for functional studies, and 
can be purified for additional structural and functional 
analyses, such as qualitative and quantitative receptor 
25 binding assays. 

[0031 ] Moreover, the ability to produce large quanti- 
ties of this novel growth factor by recombinant tech- 
niques will allow testing of its clinical applicability in 
situations where specific stimulation of growth of epithe- 
30 lial cells is of particular importance. Accordingly, this 
invention includes pharmaceutical compositions com- 
prising KGF or KGF-like polypeptides for use in the 
treatment of such conditions, including, for example, 
healing of wounds due to burns or stimulation of trans- 
35 planted corneal tissue. 

[0032] According to this embodiment of the inven- 
tion, the novel KGF-like proteins will be protein products 
of "unmodified- DNAs and mRNAs of the invention, or 
will be modified or genetically engineered protein prod- 
40 ucts. As a result of engineered mutations in the DNA 
sequences, modified KGF-like proteins will have one or 
more differences in amino acid sequence from the cor- 
responding naturally occurring "wild-type" proteins. 
According to one embodiment of this aspect of this 
45 invention, the modified KGF-like proteins will include 
"chimeric" molecules comprising a KGF and at least 
one other member of the FGF peptide family. 
[0033] Ultimately, given results of analogous suc- 
cessful approaches with other peptide factors having 
so similar properties, development of such chimeric KGF- 
like polypeptides should lead to superior, "second gen- 
eration" forms of KGF-like peptides for clinical pur- 
poses. These modified KGF-like products might be 
smaller, more stable, more potent, and/or easier or less 
55 expensive to produce, for example. 

[0034] According to another embodiment an invitro 
method of stimulating epithelial cells is provided com- 
prising adding an amount of the composition comprising 
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KGF protein or chimeric protein sufficient to stimulate 
epithelial cell growth. 

[0035] This invention further comprises novel bio- 
assay methods for determining expression in human 
cells of the mRNAs and proteins produced from the 
genes related to DNA segments of the invention. 
According to one such embodiment, DNAs of this inven- 
tion may be used as probes to determine steady state 
levels or kinetics of induction of related mRNAs. The 
availability of the KGF-related cDNA clones makes it 
possible to determine whether abnormal expression of 
this growth factor is involved in clinical conditions char- 
acterized by excessive epithelial cell growth, including 
dysplasia and neoplasia (e.g., psoriasis, or malignant or 
benign epithelial tumors). 

[0036] This invention also contemplates novel anti- 
bodies made against a peptide encoded by a DNA seg- 
ment of the invention. In this embodiment of the 
invention, the antibodies are monoclonal or polyclonal 
in origin, and are generated using KGF-related polypep- 
tides from natural, recombinant or synthetic chemistry 
sources. 

[0037] The antibodies of this invention bind specifi- 
cally to KGF or a KGF-like protein which includes the 
sequence of such peptide, preferably when that protein 
is in its native (biologically active) conformation. These 
antibodies can be used for detection or purification of 
the KGF or antibodies can be used for detection or puri- 
fication of the KGF or KGF-like protein factors. In a most 
preferred embodiment of this aspect of the invention, 
the antibodies will neutralize the growth promoting activ- 
ity of KGF, thereby enabling mechanistic studies and, 
ultimately, therapy for clinical conditions involving 
excessive levels of KGF. 

RRIEF DESCRIPTION OF T HF DRAWINGS 



[0038] Fig. 1-1 depicts results of heparin-Sepharose 
affinity chromatography of conditioned medium from 
M426 human embryonic fibroblasts showing that 
greater than 90% of the mitogenic activity for mouse 
keratinocytes (BALB/MK) eluted with 0.6 M NaCI. 
Approximately 150 ml of ultrafiltration retentate derived 
from liters of M426 conditioned medium were loaded 
onto a heparin-Sepharose column (6 ml bed volume) in 
1 hr. After washing the column with 1 50 ml of the equili- 
bration buffer, 20 mM Tris-HCI, pH 7.5/0.3M NaCI, the 
retained protein (<5% of the total protein in the reten- 
tate) was eluted with a modified linear gradient of 
increasing NaCI concentration. Fraction size was 3.8 ml 
and flow rate during gradient elution was 108 ml/hr. Two 
Hi of the indicated fractions were transferred to micro- 
titer wells containing a final volume of 0.2 ml for assay of 
3 H-thymidine incorporation in BALB/MK cells as 
described in the Methods. 

[0039] Fig. I-2 illustrates results of further purifica- 
tion of the mitogen from human fibroblasts using HPLC 
with and adsorptive matrix. Panel (A) shows the profile 



on reversed-phase (C 4 ) HPLC of BALB/MK mitogenic 
activity. Panel (B) presents electrop heretic 
<NaDodS0 4 /PAGE) analysis of selected fractions from 
the C 4 chromatography shown in panel A, demonstrat- 
es ing that the peak HPLC fractions contained a single 
band on the silver stained gel. Panel (C) is a bar graph 
of DNA synthesis in BALB/MK cells triggered by the 
fractions analyzed in Panel B, showing that the relative 
mitogenic activity correlated well with the intensity of the 
10 protein band across the activity profile. 

[0040] (A) Reversed-phase C 4 HPLC of BALB/MK 
mitogenic activity. Active fractions eluted from heparin- 
Sepharose with 0-6M NaCI were processed with the 
Centricon -10 and loaded directly onto a C 4 Vydac col- 
ts umn (4.6 x 250 mm) which had been equilibrated tn 
0.1% trifluoroacetic acid/20% acetonitrile (ACN). After 
washing the column with 4 ml of equilibration buffer, the 
sample was eluted with a modified linear gradient of 
increasing % ACN. Fraction size was 0.2 ml and flow 
20 rate was 0.5 ml/min. Aliquots for the assay of ^-thymi- 
dine incorporation in BALB/MK cells were promptly 
diluted 10-fold with 50 \ig/m\ bovine serum albumin/20 
mM Tris-HCI, pH 7.5, and tested at a final dilution of 
200-fold. (B) NaDodS0 4 /PAGE analysis of selected 
25 fractions from the C 4 chromatography shown in panel A. 
Half of each fraction was dried, redissolved in 
NaDodS0 4 /2-mercaptoethanol, heat denatured and 
electrophoresed in a 14% polyacrylamide gel which was 
subsequently stained with silver. The position of each 
so molecular weight marker (mass in kDa) is indicated by 
an arrow. (C) DNA synthesis in BALB/MK cells triggered 
by the fractions analyzed in Panel B. Activity is 
expressed as the fold stimulation over background 
which was 100 cpm. 
35 [0041] Fig. I-3 presents an alternative purification 
step to RP-HPLC, using sieving chromatography with a 
(TSK G3000SW GiasPac) column run in aqueous solu- 
tion near physiologic pH, which resulted in a major peak 
of mitogenic activity in the BALB/MK bioassay. 
40 [0042] Molecular sieving HPLC (TSK 3000SW) 
chromatography of the BALB/MK mitogenic activity. 
Approximately 50 \i\ of a Centricon -processed, 0.6M 
NaCI pool from HSAC were loaded onto a LKB GiasPac 
TSK G3000SW column (8 x 300 mm), previously equili- 
45 brated in 20 mM Tris-HCI, pH 6.8/0.5M NaCI, and eluted 
as 0.2 ml fractions at a flow rate of 0.4 ml/min. Aliquots 
of 2 nl were transferred to microtiter wells containing a 
final volume of 0.2 ml for assay of 3 H-thymidine incorpo- 
ration in BALB/MK cells. The elution positions of molec- 
50 ular weight markers (mass in kDa) were as indicated by 
the arrows. 

[0043] Fig. I-4 illustrates a comparison of BALB/MK 
DNA synthesis in response to TSK-purif ied mitogen and 
other growth factors. 
55 [0044] Comparison of BALB/MK DNA synthesis in 
response to TSK-purified mitogen and other growth fac- 
tors. Incorporation of 3 H-thymidine into trichloracetic 
acid-insoluble DNA, expressed as fold stimulation over 
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background, was measured as a function of the concen- 
tration of the indicated growth factors. Background val- 
ues with no sample added were 150 cpm. The results 
represent mean values of two independent experi- 
ments. Replicates in each experiment were within 10% 
of mean values. TSK-purified mitogen, ; EGF, a— a 
; aFGF, • ; bFGF, o— o . 

[0045] Fig. I-5 shows comparisons of growth of 
BALB/MK cells in a chemically defined medium in 
response to different combinations of growth factors. 
[0046] Comparative growth of BALB/MK cells in a 
chemically defined medium in response to different 
combinations of growth factors. Cultures were plated at 
a density of 2.5x1 0 4 cells per dish on 35 mm Petri 
dishes precoated with poly-D-lysine/fibronectin in a 1 :1 
mixture of Eagle's minimal essential medium and Ham's 
F12 medium supplemented with transferrin, Na 2 Se0 3 , 
ethanolamine and the growth factors indicated below. 
After 10 days, the plates were fixed and stained with 
Giemsa. Key: a) no growth factor; b) EGF alone; c) insu- 
lin alone; d) KGF alone; e) EGF + insulin. Final concen- 
trations of the growth factors were as follows: EGF, 20 
ng/ml; insulin, 10 jig/ml; and KGF, 40 ng/ml. 
[0047] Table 1-1 summarizes the results from vari- 
ous purification steps, documenting that sieving chro- 
matography provided a far better recovery of activity 
than the adsorptive RP-HPLC approach. 
[0048] Recoveries were calculated by assuming 
that all of the mitogenic activity in the starting material 
was due to the isolated factor. 

* One unit of activity is defined as half of the maxi- 
mal stimulation of thymidine incorporation induced 
by TSK-purified factor in the BALB/MK bioassay, in 
which approximately 3 ng of the TSK-purified factor 
stimulated 1 unit of activity. 

a p ro tein was estimated by using the Bradford rea- 
gent from BioRad (I-23). 

b Protein was estimated by using 



A? 
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Table 1-2 recapitulates data on the target cell specifici- 
ties of various growth factors, demonstrating that the 
newly isolated factor exhibited a strong mitogenic effect 
on keratinocytes (BALB/MK) and, in striking contrast, 
had no detectable effects on fibroblasts or human 
saphenous vein endothelial cells. Comparison of maxi- 
mal thymidine incorporation stimulated by KGF and 
other growth factors in a variety of cell lines, expressed 
as fold stimulation over background. This data repre- 
sents a summary of four different experiments. 



• Maximal stimulation by aFGF required the pres- 
ence of heparin (Sigma), 20 jig/ml. 

n.d. = not determined. 

5 

[0049] Fig. 11-1 presents the nucleotide sequence 
and deduced amino acid sequence of KGF cDNA, as 
well as identification of RNAs transcribed from the KGF 
gene. Panel (A) outlines a schematic representation of 
w human KGF cDNA clones. Panel (B) documents the 
KGF cDNA nucleotide and predicted amino acid 
sequences. (C) Identification of RNA transcripts of KGF 
genes by Northern blot analysis. 
[0050] Nucleotide sequence and deduced amino 
15 acid sequence of KGF cDNA, and identification of KGF 
gene transcripts. (A) Schematic representation of 
human KGF cDNA clones. Overlapping pCEV9 clones 
32 and 49, used in sequence determination, are shown 
above a diagram of the complete structure in which 
20 untranslated regions are depicted by a line and the cod- 
ing sequence is boxed. The hatched region denotes 
sequences of the signal peptide and the open region of 
the mature protein. Selected restriction sites are indi- 
cated. (B) KGF cDNA nucleotide and predicted amino 
25 acid sequences. Nucleotides are numbered on the right; 
amino acids are numbered throughout. The N-terminal 
peptide sequence derived from purified KGF is under- 
lined. The hydrophobic N-terminal domain is italicized. 
The potential asparagine-linked glycosylate site is 
30 overlined. The variant polyadenylation signals, AATTAA 
and AATACA, close to the 3' end of the RNA, are boxed. 
(C) Identification of KGF mRNAs by Northern blot anal- 
ysis. Lanes a and c, poly(A)-selected M426 RNA; lane 
d, total cellular M426 RNA. Filters were hybridized with 
35 a ^P-labeled 695 bp BamH\/Bcl\ fragment from clone 
32 (Probe A, Fig. 11-1 A), lanes a and b, or a 541 bp 
Apa\/EcoH\ fragment from clone 49 (Probe B, Fig. II- 
1 A), lanes c and d. 

[0051] Fig. II-2 illustrates the topological compari- 
40 son of the FGF family of related molecules, including 
KGF, with emphasis on the two protein domains that 
share high homology, the putative signal peptide 
sequences, and the two conserved cysteine residues. 
[0052] Topological comparison of the FGF family of 
45 related molecules. The two protein domains that share 
high homology are shown by shaded boxes. Hatched 
boxes indicate putative signal peptide sequences. The 
positions of two conserved cysteine residues (C) are 
shown. 

so [0053] Fig. II-3 shows (Northern blot) analyses of 
expression of KGF-related mRNA in selected normal 
human cell lines and tissues, revealing that a single 2.4 
kb transcript was present in RNA from human embry- 
onic lung fibroblasts and from adult skin fibroblasts, 
55 while no transcript was detected in the (B5/589) epithe- 
lial or (HA83) glial cell lines, or in primary cultures of 
human saphenous vein endothelial cells. 
[0054] Northern blot analysis of KGF mRNA in nor- 
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mal human ceil lines and tissues, and comparison with 
mRNA expression of other growth factors with known 
activity on epithelial cells. Total cellular RNAs were iso- 
lated by cesium trifluoro-acetate gradient centnfugation. 
10 ng of RNA were denatured and electrophoresed in 
1% formaldehyde gels. Following mild alkali denatura- 
tion (50 mM NaOH for 30'), RNA was transferred to 
nitrocellulose filters using 1 M ammonium acetate as a 
convectant Filters were hybridized to a ^P-labelled 
cDNA probe containing the 647bp EcoRI fragment from 
the 5* end of the KGF coding sequence (A) or similar 
probes from the other growth factor DNAs. The following 
human cell types were used: squamous cell carcinomas 
(A253, A388 and A431); mammary epithelial cells (S6 
and R1); keratinocytes immortalized with Ad12-SV40; 
primary human keratinocytes; neonatal foreskin fibrob- 
lasts, AG 1523; adult skin fibroblasts (501 T); and embry- 
onic lung fibroblasts (WI-38 and M426). 
[0055] Table 11-1 summarizes a comparison of the 
effect of heparin on KGF mitogenic activity with effects 
on other growth factors, showing that thymidine incorpo- 
ration into DNA by BALB/MK cells in response to KGF 
was inhibited by heparin, in contrast, to the activities of 
both aFGF and bFGF which were increased by the 
same treatment. 

[0056] Cells were plated in microtiter plates, grown 
to confluence in serum containing media and then 
placed in a serum-free medium for 24-72 hr prior to 
sample addition. Mitogenesis assays were performed 
as described (see Experimental Section I, above and II- 
3). Where indicated, heparin was included in the culture 
media at a final concentration of 20 u.g/ml. The concen- 
tration of all the growth factors was 50 ng/ml. The 
results represent fold stimulation of 3H-thymidine incor- 
poration in the indicated assay cell in the presence (+) 
or absence (-) of heparin. Each value represents the 
mean result from two independent experiments in which 
- each point, in turn, represents the mean value of dupli- 
cate analyses. 

pF o^p.PTin N OF SPECIFIC FMRODIMENTS 

[0057] This invention relates, in part, to purified 
KGF or KGF-like proteins as defined above and meth- 
ods for preparing these proteins. A principal embodi- 
ment of this aspect of this invention relates to 
homogeneous KGF characterized by an apparent 
molecular weight of about 28 kDa based on migration in 
NaDodSCtyPAGE, movement as a single peak on 
reversed-phase high performance liquid chromatogra^ 
phy, and a specific activity of at least about 3.4 x 10 
units per milligram, and preferably at least about 3.2 x 
10 5 units per milligram, where one unit of activity is 
defined as that amount which causes half of the maxi- 
mal possible stimulation of DNA synthesis in certain epi- 
thelial (keratinocyte) cells under standard assay 
conditions outlined below. 

[0058] To identify novel growth factors specific for 



epithelial cell types, a clonal BALB/c mouse keratinoc- 
yte cell line, designated BALB/MK (I-6) was employed 
as an indicator cell to detect such factors. These cells 
are dependent for their growth upon an exogenous 
5 source of an epithelial cell mitogen even in medium con- 
taining serum (I-6). The development of chemically 
defined medium for these cells has made it possible to 
demonstrate that two major mitogenic pathways are 
required for BALB/MK proliferation. One involves insu- 
10 lin-like growth factor I (or insulin at high concentration) 
and the other is satisfied by epidermal growth factor 
(EGF) transforming growth factor a (TGFa), acidic 
fibroblast growth factor (aFGF) or basic fibroblast 
growth factor (bFBF) (I-7). 
is [0059] By using BALB/MK as the prototypical epi- 
thelial cell line and NIH/3T3 as its fibroblast counterpart, 
conditioned media from various human cell lines were 
assayed for new epithelial cell-specific mitogens. These 
bioassays of this invention enabled the purification to 
20 homogeneity of one such novel growth factor, released 
by a human embryonic lung fibroblast line, and desig- 
nated herein as keratinocyte growth factor (KGF). 
[0060] In brief, the bioassay for KGF-like activity 
under standard conditions comprises the following 
25 steps: 

(i) Mouse keratinocytes (BALB/MK cells) are grown 
in culture to confluency and then maintained for 24- 
72 hr in serum-free medium; 
30 (ii) Following addition of test samples, stimulation of 
DNA synthesis is determined by incorporation of 
3 H-thymidine into acid-precipitable DNA. 



[0061] To determine the cell target specificity of a 
35 mitogenic growth factor, the DNA synthesis stimulation, 
expressed as ratio of stimulated synthesis over back- 
ground incorporation of thymidine in the absence of 
added test sample, can be compared to analogous 
stimulation observed in cells other than keratinocytes 
40 under the same assay conditions. In such comparisons, 
KGF mitogenic activity will exhibit marked specificity for 
the keratinocytes as opposed to fibroblasts (at least 
about 500-fold greater stimulation) and lesser but signif- 
icant (at least about 50-fold) greater activity on keratino- 
45 cytes than on other exemplary epithelial cell types (see 
Table I-2 for further data, and Materials and Methods in 
Experimental Section I for details of the standard condi- 
tions of the bioassay). 

[0062] By employing a method of KGF production 
so involving culturing cells and isolating mitogenic activity, 
which method comprises ultrafiltration, heparin-Sepha- 
rose affinity chromatography (HSAC) and adsorptive 
reversed-phase high performance liquid chromatogra- 
phy (RP-HPLC) or, alternatively, molecular sieving 
55 HPLC (TSK-HPLC), according to the present invention, 
a quantity was isolated sufficient to permit detailed char- 
acterization of the physical and biological properties of 
this molecule. 
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[0063] To summarize, the method for production of 
KGF from producing cells such as M426 human embry- 
onic fibroblasts (I-8), for example, comprises the follow- 
ing steps: 

(i) Preparation of conditioned media (e.g., 10 liters) 
using monolayer cultures cycled from serum-con- 
taining to serum-free medium and storing the 
serum-free harvest at -70°C until further use; 

(ii) Concentration by ultrafiltration using mem- 
branes having a 10 kDa molecular weight cutoff in 
several successive steps with intervening dilution in 
buffer (to facilitate removal of low molecular weight 
materials), followed by optional storage at -70°C; 

(iii) Affinity chromatography on heparin attached to 
a polymeric support (e.g., Sepharose) with elution 
by a gradient of increasing NaCI concentration; 

(iv) Concentration by a factor of at least ten- to 
twenty-fold with small scale ultrafiltration devices 
with a 10 kDa molecular weight cutoff (e.g., a Cen- 
tricon-10 microconcentrator from Amicon) and stor- 
age at -70°C. 

The next step of the purification process com- 
prises either step (v) or, alternatively, step (vi), as 
follows: 

(v) Reversed-phase HPLC of active fractions (0.6 M 
NaCI pool) from the previous HSAC step in organic 
solvent systems; or, 

(vi) Molecular sieve HPLC (e.g, on a TSK- 
G3000SWGIas-Pac Column from LKB) in aqueous 
buffer at near physiological pH (e.g., Tris-HCI, pH 
6.8/0.5M NaCI) followed by storage at -70°C. 



[0064] A preparation made by the TSK step (vi) was 
almost as pure as one obtained from RP-HPLC, as 
judged by silver-stained NaDodS0 4 /PAGE (data not 
shown); but the TSK approach provided a far better 
recovery of activity (Table 1-1). Further, the TSK-purified 
material had a higher specific activity than the RP- 
HPLC material. KGF prepared by the TSK procedure 
above stimulated DNA synthesis in epithelial cells at 
sub-nanomolar concentrations, but failed to induce any 
thymidine incorporation into DNA of fibroblasts or 
endothelial cells at comparable or higher concentrations 
(up to 5 nM). The activity was sensitive to acid, heat and 
solvents used in the RP-HPLC step. (See Experimental 
Section I for data on sensitivities and further details of 
the production method.) 

[0065] Using standard methodology well known in 
the art, an unambiguous amino acid sequence was 
determined for positions 2-13 from the amino terminus 
of the purified KGF, as follows: Asn-Asp-Met-Thr-Pro- 
Glu-Gln-Met-Ala-Thr-Asn-Val (see Experimental Sec- 
tion I). 

[0066] The present invention also includes DNA 
segments encoding KGF and KGF-like polypeptides. 
The DNAs of this invention are exemplified by DNAs 
referred to herein as: human cDNA clones 32 and 49 



derived from polyadenylated RNA extracted from the 
human embryonic lung fibroblast cell line M426; recom- 
binants and mutants of these clones; and related DNA 
segments which can be detected by hybridization to 
5 these DNA segments. 

[0067] As described in Experimental Section II, to 
search for cDNA clones corresponding to the known 
portion of the KGF amino acid sequence, two pools of 
oligonucleotide probes were generated based upon all 
10 possible nucleotide sequences encoding the nine- 
amino acid sequence, Asn-Asp-Met-Thr-Pro-Glu-Gln- 
Met-Ala, A cDNA library was constructed in a cDNA 
cloning vector, XpCEV9, using polyadenylated RNA 
extracted from the human embryonic lung fibroblast cell 
is line M426 which was the initial source of the growth fac- 
tor Screening of the library (9 x 10 5 plaques) with the 
^P-labelled oligonucleotides identified 88 plaques 
which hybridized to both probes. 
[0068] Of 10 plaque-purified clones that were ana- 
20 lyzed, one, designated clone 49, had a cDNA insert of 
3.5 kb, while the rest had inserts ranging from 1 .8 kb to 
2.1 kb. Analysis of the smaller clones revealed several 
common restriction sites, and sequencing of a repre- 
sentative smaller clone, designated clone 32, along with 
25 clone 49, demonstrated that they were overlapping 
cDNAs (Fig 11-1 A). Alignment of the two cDNAs estab- 
lished a continuous sequence of 3.85 kb containing the 
complete KGF coding sequence. The sense strand 
DNA nucleotide sequence, and the predicted primary 
30 protein sequence encoded, are shown for the full-length 
composite KGF cDNA sequence in Fig. 11-1 B. 
[0069] These DNAs, cDNA clones 32 and 49, as 
well as recombinant forms of these segments compris- 
ing the complete KGF coding sequence, are most pre- 
35 ferred DNAs of this invention. 

[0070] From the cDNA sequence, it is apparent that 
the primary KGF and hst translation products contain 
hydrophobic N-terminal regions which likely serve as 
signal sequences, based on similarity to such 
40 sequences in a variety of other proteins. Accordingly, 
this N-terminal domain is not present in the purified 
mature KGF molecule which is secreted by human 
embryonic fibroblasts. 

[0071] Furthermore, KGF shares with all other 
45 members of the FGF family two major regions of homol- 
ogy, spanning amino acids 65-156 and 162-189 in the 
predicted KGF sequence, which are separated by short, 
nonhomologous series of amino acids of various 
lengths in the different family members. The sequence 
so of the purified form of KGF contains five cysteine resi- 
dues, two of which are conserved throughout the family 
of FGF related proteins. Five pairs of basic residues 
occur throughout the KGF sequence. This same pattern 
has been observed in other FGF family members. 
55 [0072] It should be obvious to one skilled in the art 
that, by using the DNAs and RNAs of this invention in 
hybridization methods (such as Southern blot analyses 
of genomic human DNAs), especially the most pre- 
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ferred DNAs listed herein above, *Hhoutur£ experi- 
mentation it is possible to screen genomic or cDNA 
"brai to «nd o'ther KGF-like DNAs which fall w.thm 
he cope of this invention. Furthermore, by so using 
DNAs of this invention, genetic markers abated 
the KGF gene, such as restriction fragment length poly- 
rnorphisms (RFLPs), may be identified and assorted 
with inherited clinical conditions involving th.s or other 
nearby genes. 

[0073] This invention also includes modrf.ed forms 
ol KGF DNAs. According to a chief embodiment of this 
aspect of the invention, such modified DNAs encode 
KGF-like proteins comprising a KGF protein and a leas 
one other member of the FGF peptide family. Thus jor 
example, since there is no signrticant N-term.nal homol- 
ogy between the secreted form of KGF and analogous 
positions in other FGF-re.ated proteins, polypeptides 
with novel structural and functional property may be 
elated by grafting DNA segments encoding the drtn* 
N terminal segments of another polypeptide in tt. FGF 
family onto a KGF DNA segment in place of its usual 
NH,-terminal sequence. 

T00741 The polypeptide chimeras produced by such 
Sd DNAs^ useful for determining whether e 
KGF NH 2 -terminal domain is sufficient to account for its 
Sue target cell specHicity. Studies on chimeras 
should also provide insights into which domains contrib- 
ute the different effects of heparin on their biologic actrv- 

'100751 Indeed, the utility of this approach has 
already been confirmed by the successful engineering 
and expression of a chimeric molecule in which about 
40 amino acids from the NH 2 -terminus of the secreted 
form of KGF (beginning with the amino terminal cys res- 
idue of the mature KGF form, numbered 32 j F^H 
and ending at KGF residue 78, arg) is hnked to about 
140 amino acids of the C0 3 -terminal core of aFGF 
(beginning at residue 39, arg, and continuing to he C- 
erminal end of the aFGF coding sequence. This chi- 
meric product has a target cell preference for keratmoc- 
vtes like KGF, but lacks susceptibility to heparin a 
characteristic which parallels that of aFGF rather than 
KGF. This novel KGF-like growth factor may have 
advantages in clinical applications where administration 
of an epithelial-specific growth factor is desirable in the 
presence of heparin, a commonly used anticoagulant 
Further details of the construction of this chimer.c mole- 
cule and the properties of the polypeptide are descnbed 
in Experimental Section II. 

ro076] Other DNAs of this invention include the fol- 
lowing recombinant DNA molecules comprising a KGF 
cDNA and any of the following exemplary vector DNAs: 
a bacteriophage X cloning vector <*pCEV9); a DNA 
sequencing plasmid vector (a pUC variant); a bacterial 
expression vector (pKK233-2); or a mammalian exp res- 
sion vector (pMMT/neo). Such recombinant DNAs are 
exemplified by constructs described in deta.l in the 
Experimental Sections. 



roo771 Most preferred recombinant molecules 
nclude the following: molecules comprising the coding 
sequence for the secreted form of KGF and a bacterial 
egression vector (e.g., P KK233-2) or a cDNA encod ng 
« the entire primary translation product (.nclud.ng the 
NH 2 -terminal signal peptide) and a mammalian expres- 
sion vector (exemplified by pMMT) <**»J**^ 
ing inserted DNAs in mammalian (e.g., NIH/3T3) cells. 
f0078] Construction of recombinant DNAs contain- 
, 0 ng KGF DNA and a bacterial expression vector is 
described in Experimental Section I. In bnrf. KGF 
cDNA was expressed to produce polypepfde in E coh 
by placing its coding sequence under control of the 
hybrid irk promoter in the plasmid expression vector 

is DKK233-2 (11-31). 

S.079] Construction of recombinant DNAs compris- 
ing KGF DNA and a mammalian vector capable 0 
expressing inserted DNAS in cultured human or animal 
cells, can be carried out by standard gene expression 
20 technology using methods well known in the art for 
expression of such a relatrvely simple polypeptide One 
specific embodiment of a recombinant DNA of this 
aspect of the present invention, involving the mamma- 
Kan vector pMMT, is described further below in th.s sec- 
25 tion under recombinant cells of this invention. 

oosil DNAs and sense strand RNAs of this . nven- 
lion can be employed, in conjunct™ with P'°£n Pro- 
duction methods of this invention, to make large 
quantities of substantially pure KGF or KGF-like pro- 
so Ls. Substantially pure KGF protein thus P>**""£ 
be employed, using well-known techniques, '"d agnos 
tic assays to determine the presence of recepto s for 
this protein in various body fluids and tissue samples. 
100811 Accordingly, this invention also comprises a 
as cell preferably a bacterial or mammalian cell, compr.s- 
S a vector with a DNA of the invention, wherein the 
DNA is capable of being expressed. In a preferred 
embodiment of this aspect of the invention, the ceH 
transformed by the DNA of the invention produces KGF 
40 protein in a fully mitogenic form. Most preferab, J these 
Proteins will be of a secreted form (i.e., ack.ng an 
apparent signal sequence). These protein factors can 
be used for functional studies, and can be purified for 
additional biochemical and functional analyses, such as 
45 qualitative and quantitative receptor binding assays 
[0082] Recombinant E.coli cells have been con- 
structed in a bacterial expression vector P KK233-2 - for 
production of KGF, as detailed in Experimental Section 
II in summary, several recombinant bactenal clones 
50 were tested for protein production by the usual small 
scale methods. All recombinants tested synthesized a 
protein that was recognized by antibodies raised 
against an amino-terminal KGF peptide (see Mow). 
One recombinant was grown up in a one lite culture 
55 which produced recombinant KGF that efficiently stmju- 
lated thymidine incorporation into DNA of BALB/MK 
keratinocyte cells, but was only marginally active on 
NIH/3T3 fibroblasts. Half-maximal stimulation of the 
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BALB/MK cells In the standard keratinocyte bioassay 
was achieved with a concentration of between 2 to 5 
ng/ml, compared to a concentration of 10 to 15 ng/ml for 
KGF purified from M426 cells. 
[0083] One liter of bacterial cells yielded approxi- 
mately 50 (ig of Mono-S purified recombinant KGF. It 
will be apparent to those skilled in the art of gene 
expression that this initial yield can be improved sub- 
stantially without undue experimentation by application 
of a variety known recombinant DNA technologies. 
[0084] Recombinant mammalian (NIH/3T3 mouse) 
cells have also been constructed using the entire KGF 
cDNA coding sequence (including the NH 2 -terminal sig- 
nal peptide) and the vector pMMT/neo, which carries 
mouse metallothionine (MMT) promoter and the selec- 
tive marker gene for neomycin resistance. The cells are 
being evaluated for KGF production, particularly for 
secretion of the mature form (lacking signal peptide) 
produced by human fibroblasts, using bioassays of the 
present invention. This same vector and host cell com- 
bination has been used successfully to express several 
other similar recombinant polypeptides, including high 
levels of Platelet-Derived Growth Factor (PDGF) A and 
B chains (II-32). Accordingly, it will be recognized by 
those skilled in the art that high yields of recombinant 
KGF can 

be achieved in this manner, using the aforementioned 
recombinant DNAs and transformed cells of this inven- 
tion. 

[0085] Ultimately, large-scale production can be 
used to enable clinical testing in conditions requiring 
specific stimulation of epithelial cell growth. Materials 
and methods for preparing pharmaceutical composi- 
tions for administration of polypeptides topically (to skin 
or to the cornea of the eye, for example) or systemically 
are well known in the art and can be adapted readily for 
administration at KGF and KGF-like peptides without 
undue experimentation. 

[0086] This invention also comprises novel antibod- 
ies made against a peptide encoded by a DNA segment 
of the invention. This embodiment of the invention is 
exemplified by several kinds of antibodies which recog- 
nize KGF. These have been prepared using standard 
methodologies well known in the art of experimental 
immunology, as outlined in Experimental Section II. 
These antibodies include: monoclonal antibodies raised 
in mice against intact, purified protein from human 
fibroblasts; polyclonal antibodies raised in rabbits 
against synthetic peptides with sequences based on 
amino acid sequences predicted from the KGF cDNA 
sequence [exemplified by a peptide with the sequence 
of KGF residues 32-45, namely, NDMTPEQMATNVR 
(using standard one-letter code for amino acid 
sequences; see Fig. 11-1)]; polyclonal antibodies raised 
in rabbits against both naturally secreted KGF from 
human fibroblasts and recombinant KGF produced in 
E.coli (see above). 
[0087] All tested antibodies recognize the recom- 



binant as well as the naturally occurring KGF, either in a 
solid-phase (ELISA) assay and/or in a Western blot. 
Some exemplary antibodies, which are preferred anti- 
bodies of this invention, appear to neutralize mitogenic 
5 activity of KGF in the BALB/MK bioassay. 

[0088] Fragments of antibodies of this invention, 
such as Fab or F(ab)' fragments, which retain antigen 
binding activity and can be prepared by methods well 
known in the art, also fall within the scope of the present 
w invention. Further, this invention comprises pharmaceu- 
tical compositions of the antibodies of this invention, or 
active fragments thereof, which can be prepared using 
materials and methods for preparing pharmaceutical 
compositions for administration of polypeptides that are 
15 well known in the art and can be adapted readily for 
administration of KGF and KGF-like peptides without 
undue experimentation. 

[0089] These antibodies, and active fragments 
thereof, can be used, for example, for detection of KGF 
20 in bioassays or for purification of the protein factors. 
They may also be used in approaches well known in the 
art, for isolation of the receptor for KGF, which, as 
described in Experimental Section II, appears to be dis- 
tinct from those of all other known growth factors. 
25 [0090] Those preferred antibodies, and fragments 
and pharmaceutical compositions thereof, which neu- 
tralize mitogenic activity of KGF for epithelial cells, as 
indicated by the BALB/MK assay, for instance, may be 
used in the treatment of clinical conditions character- 
30 ized by excessive epithelial cell growth, including dys- 
plasia and neoplasia (e.g., psoriasis, or malignant or 
benign epithelial tumors). 

[0091] This invention further comprises novel bio- 
assay methods for detecting the expression of genes 
35 related to DNAs of the invention. In some exemplary 
embodiments, DNAs of this invention were used as 
probes to determine steady state levels of related 
mRNAs. Methods for these bioassays of the invention, 
using KGF DNAs, and standard Northern blotting tech- 
40 niques, are described in detail in Experimental Section 
II. 

[0092] One skilled in the art will recognize that, 
without undue experimentation, such methods may be 
readily applied to analysis of gene expression for KGF- 
45 like proteins, either in isolated cells or various tissues. 
Such bioassays may be useful, for example, for identifi- 
cation of various classes of tumor cells or genetic 
defects in the epithelial growth processes. 
[0093] Without further elaboration, it is believed that 
so one of ordinary skill in the art, using the preceding 
description, and following the methods of the Experi- 
mental Sections below, can utilize the present invention 
to its fullest extent. The material disclosed in the Exper- 
imental Sections, unless otherwise indicated, is dis- 
ss closed for illustrative purposes and therefore should not 
be construed as being limitive in any way of the 
appended claims. 
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rjfPFRIMF MTAI SECTION! 



IDENTIFICATION AND CHARACTERIZATION OF A 
NoVTgROWTH FACTOR SPEC.F.C FOR EPITHE- 
LIAL CELLS 

ro0941 This section describes experimental work 
eadina to identification of a growth factor specrf.c for 
epSal cells in conditioned medium of a human 
embryonic lung f ibroblast cell line. The factor, provision- 
aJSned iJatinocyte growth factor (KGF) because o 
S predominant activity on this cell type was purified t° 
homogeneity by a combination of ultraf..trat»n heparnv 
Sepharose affinity chromatography and hydrophobic 
chromatography on a C, reversed-phase HPLC oo umn 
acTding to methods of thh invention. KGF was found 
toTe bom acid and heat labile, and consisted of a single 
polypeptide chain with an apparent molecular weight of 
approxLtely 28,000 daltons. Purified KGF was a 
poten mitogen for epithelial cells, capable of stimulating 
Ka ynthe 9 sis in quiescent BALB/MK eP^» 
nocytes by more than 500-fold with acf.v,ty detectable at 
0 and maximal at 1.0 nM. Lack of mitogenic ac v- 
ity on either f ibroblasts or endothelial cells indicated that 
KGF possessed a target cell specificity distinct from any 
previously characterized growth factor. Microsequenc 
inq revealed an amino-terminal sequence containing no 
significant homology to any known protein. The release 
of this novel growth factor by human embryomc fibrob- 
lasts indicates that KGF plays a role in mesenchymal 
stimulation of normal epithelial cell proliferation. 



MP JHODS A "" MATERIALS 

,0095] rnrnPt-" ^nrtltinned Media An ear* 
oassage of M426 human embryonic fibroblasts (1-8) 
was plated onto 175 cm 2 T-flasks and grown to conflu- 
ence over 10-14 days in Dulbecco's modrfied ^ Eagles 
medium (DMEM; GIBCO) supplemented w.th 10/. call 
serum (GIBCO). Once confluent, the monolayers were 
cycled weekly from serum-containing to serum-free 
medium, the latter consisting of DMEM alone. The cells 
were washed twice wrth 5 ml of phosphate buffered 
saline prior to addition of 20 ml of DMEM. After 72 hr 
culture fluids were collected and replaced with 35 ml of 
serum-containing medium. The conditioned medium 
was stored at -70°C until further use. 
r0 0961 UllHWifia. Approximately ten liters ot 
conditioned medium were thawed, prefiltered through a 
0 50 micron filter (Millipore HAWP 142 50) and concen- 
trated to 200 ml using the Pelllcon Cassette system (Mil- 
lipore XX42 OOK 60) and a cassette having a 10 kDa 
molecular weight cutoff (Millipore PTGC 000 05). After 
concentration, the sample was subjected to tw° succes- 
sive rounds of dilution with one liter of 20 mM Tris-HCi 
P H 7 5/0.3M NaCI, each followed by another step of 
ultrafiltration with the Pellicon system. Activity recovered 
in the retentate was either immediately applied to 



heparin-Sepharose resin or stored at -70°C. 

r 0 097i H-r-"- Ra P harQSf> Aftinitv Chromatoqra - 

nh v (HSAC) . The retentate from ultrafiltration was 
Sr^to heparin-Sepharose resin (PharmacB) 
5 which had been equilibrated in 20 mM Tns-HCI, pH 
7 5/0 3 M NaCI. The resin was washed extensively until 
the optical density had returned to baseline and then 
subjected to a linear-step gradient of increasing NaCI 
concentration. After removing aliquots from the frac- 
„ tions for the thymidine incorporation 

fractions were concentrated ten- to twenty-fold w^h a 
Centricon-10 microconcentrator (Am.con) and stored at 

-70°C 

[0098] BBBBfifcEto"» HPIC (RP-HPLCV Active 
„ tactions (0.6 M NaCI pool) from the HSAC were 
thawed, pooled and further concentrated w.th the Cen- 
tricon-10 to a final volume of <200 nl. The sample was 
toaded onto a Vydac C 4 HPLC column (The separations 
Group, Hesperia, CA) which had been equilibrated n 
20 0.1% trifluoroacete acid (TFA, Fluka)/20% acetonitnle 
(Baker, HPLC grade) and eluted with a linear gradient of 
increasing acetonitrile. Aliquots for the btoassay were 
immediately diluted in a 1 0-fold excess of 50 ug/ml BSA 
(Fraction V, Sigma)/20 mM Tris-HC, pH 7J5. The 
25 remainder of the sample was dried in a Speed-Vac 
(Savant) in preparation for structural analyses 
0099] MoJeculai_SiemHPLC- Approximately 50 nl 
of the twice concentrated heparin-Sepharose fractions 
were loaded onto a TSK-G3000SW Glas-Pac Column 
30 (LKB) which had been equilibrated in 20 mM Tris-HCI, 
P H 6 8/0.5M NaCI. The sample was eluted in this buffer 
at a flow rate of 0.4 ml/min. After removing aliquots for 
the bioassay, the fractions were stored at -70°C. 
raioo] ikP'Hn^rniyn-ryltinnK 10 fiBl Electr ^ 
« DhoresisJNafiodS^PAGB. Polyacrylamide gels were 

35 ^^^^^^^^ 
Laemmli (1-9). Samples were boiled for 3 mm .n the 
presence of 2.5% 2-mercaptoethanol (vol/vol). The gels 
were fixed and stained with silver (HO) using the rea- 
ao gents and protocol from BioRad. Molecular weight 
markers were from Pharmacia. 
r 0 i01l pir ^ Y r th " ic SHrrtilation. Ninety-six weH 
microtiter plates (Falcon No. 3596) were predated wrfh 
human fibronectin (Collaborative Research) at1 ng cm 
45 prior to seeding with BALB/MK cells. Once confluent, 
fhe cells were maintained for 24-72 hr in serum-free 
medium containing 5 ng/ml transferrin (Collaborate 
Research) and 30 nM Na 2 Se0 3 (Baker) Incorpora ion 
of 3 H-thymidine (5 (iCi/ml final concentration, NEN) into 
50 DNA was measured during a 6 hr period beginning at 
16 hrs following addition of samples. The assay was ter- 
minated by washing the cells once with ice cold phos- 
phate-buffered saline and twice with 5% trichloroacetc 
acid. The precipitate was redissolved ,n 0.25 M NaOH 
55 transferred into liquid scintillation fluid (Biofluor, NEN) 

and counted. . 
roi021 Stimulation of DNA synthesis was monitored 
as described above for BALB/MK cells on a variety of 
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,rom the National Institutes of Health, while CCL208 
Rhesus monkey bronchial epithelial cells (M2) were 
obtained from the American Type Culture Collects. 
The B5/589 human mammary epithelial cell line, pre- 
pared as described in (1-13), was obtained from Martha 
Stampfer (University of California, Berkeley). The mam- 
mary cells were grown in RPMI 1640 supplemented 
with 10% fetal calf serum and 4 ng/ml EGF. When main- 
tained in serum-free conditions, the basal medium was 
DMEM Primary cultures of human saphenous vein 
endothelial cells were prepared and maintained as 
described elsewhere (1-14). Epidermal growth factor 
and insulin were from Collaborative Research. Acidic 
FGF and bFGF were obtained from California Biotech- 
nology, inc. Recombinant TGFa was obtained from 
Genentech, Inc. Media and serum were either from 
GIBCO, Biofluids, Inc. or the NIH media unit. 
r 0 io31 P^ntoaHnn Assay. Thirty-five mm culture 
dishes were precoated sequentially with W» 
(20 ua/cm 2 ) (Sigma) and human fibronectin, and then 
leedeHith approximately 2.5 x 10* BALB/MK cells. 
T he basic meSL was a 1:1 mixture of Eagle's low 
Ca 2+ minimal essential medium and Hams F-12 
medium, supplemented with 5 ng/ml transferrin 3 > nM 
Na,Se0 3 and 0.2 mM ethanolamine (S,gma). Medium 
was changed every 2 or 3 days. After 10 days, the cells 
were fixed in formalin (Fisher Scientific Co.) and stained 
with Giemsa (Fisher Scientific Co.). .... 
r 01 o4] PrnHr- mirmsBguencinq. Approximately 4 
uq ( 1 50 pmol) of protein from the active fractions of the 
Z column were redissorved in 50% TFA and loaded 
onto an Applied Biosystems gas-phase protein sequen- 
cer Twenty rounds of Edman degradation were carried 
out and identifications of amino acid derivatives were 
made with an automated on-line HPLC (Model 120A, 
Applied Biosystems). 

RESULTS 



nmwth Facto r Portion and Isolation. 

[0105] Preliminary screening of conditioned media 
from various cell lines indicated that media from some 
fibroblast lines contained mitogenic activities detectable 
on both BALB/MK and NIHA3T3 cells. Whereas boiling 
destroyed the activity on BALB/MK, mitogenic activity 
on NIH/3T3 remained intact. Based on the known heat 
stability of EGF (1-15) and TGFa (1-16), it was reasoned 
that the BALB/MK mitogenic activity might be due to an 
agent different from these known epithelial growth fac- 

[0106] M426, a human embryonic lung fibroblast 
line was selected as the most productive source of this 
activity for purification of the putative growth factor(s). 
Ultrafiltration with the Pellicon system provided a con- 
venient way of reducing the sample volume to a suitable 
level for subsequent chromatography. Various combina- 



tions of sieving, ion exchange and isoelectric focus.ng 
chromatography were tried during the development of a 
purification scheme, but all resulted in unacceptably low 
yields On the other hand, heparin-Sepharose affinity 
5 chromatography (HSAC), which has been employed in 
the purification of other growth factors (l-17~i-<^), 
proved to be useful as an early purification step in the 
present invention. While estimates of recovered specific 
activity were uncertain at this stage because of the 
, fl likely presence of other factors, the apparent y.eld o 
activity was 50-70% with a corresponding enrichment of 
approximately 1000 fold. 

[0107] As shown in Fig. 1-1 , greater than 90% of the 
BALB/MK mitogenic activity eluted from the HSAC col- 
15 umn with 0.6M NaCI. This peak of activity was not asso- 
ciated with any activity on'NIH/3T3 cells (data not 
shown). A much smaller peak of BALB/MK mitogenic 
activity consistently emerged with 0.8 - 1 .2M NaCI. 
[0108] Due to the reproducibility of the HSAC pat- 
so tern active fractions could be identified presumptively 
on the basis of the gradient and optical density profile. 
Prompt concentration of 10-20 fold with the Centricon- 
10 was found to be essential for stability, which could be 
maintained subsequently at -70°C for several months. 
25 [01 09] Final purification was achieved by RP-HrLO 
with a C. Vydac column, a preparative method suitable 
for amino acid sequence analysis. While the yield of 
actrvity from the C 4 step was usually only a few percent, 
this loss could be attributed to the solvents employed, in 
so other experiments, exposure to 0.1% TFA/50% ^ace- 
tonitrile for 1 hr at room temperature reduced the 
mitogenic activity of the preparation by 98% Nonethe- 
less, as shown in Fig. I-2, a single peak of BALB/MK 
stimulatory activity was obtained, coinciding with a dis- 
ss tinct peak in the optical density profile. The peak frac- 
tions produced a single band upon NaDodS0 4 /PAGt 
and silver staining of the gel (Fig. I-2B), and the relative 
mitogenic activity of each tested fraction (Fig. I-2C) cor- 
related well with the intensity of the bands across the 

40 activity profile. uoir 
[0110] An alternative purification step to the H^lo 
technique described above, using sieving chromatogra- 
phy with a TSK G3000SW GlasPac column run in aque- 
ous solution near physiologic pH, resulted in a major 
45 peak of activity in the BALB/MK bioassay (Fig. I-3). This 
preparation was almost as pure as the one obtained 
from RP-HPLC as judged by silver-stained 
NaDodSCyPAGE (data not shown) but provided a far 
better recovery of activity (Table 1-1). The TSK-purif,ed 
so material was used routinely for biological stud.es as it 
had a higher specific activity. 

[0111] In both types of purified preparations (i.e., 
purified by HPLC or molecular sieving), the profile of 
mitogenic activity was associated with a distinct band 
55 on NaDodSCyPAGE which appeared to be indistin- 
guishable in the two preparations. 
rpn2] Physical and p i.Mnqir.al Characterization of 
t h» r,mwth Factor. The purified factor had an estimated 
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molecular weight of about 28 kDa based on 
NaDodS0 4 /PAGE under reducing (Fig. I-2) and non- 
reducing conditions (data not shown). This value was in 
aood agreement with its elution position on two different 
sizing columns run in solvents expected to maintain 
native conformation (TSK-G30OO-SW, Fig. I-3, and 
superose-12, data not shown). From these data the 
mitogen appears to consist of a single polypeptide cha.n 
with a molecular weight of 25-30 kDa. 
[0113] The heat and acid lability of the mitogenic 
activity were demonstrated using the BALB/MK 
mitogenesis bioassay. While activity was unaffected by 
a 10 min incubation at 50°C, it was reduced by 68 A. 
after 10 min at 60°C and was undetectable after 3 mm 
at 100°C Exposure to 0.5M acetic acid for 60 mm at 
room temperature resulted in a decline in activity to 14% 
of the control. In comparison, the mitogenic activity of 
the known growth factor, EGF, was not diminished by 
any of these treatments. 

r0114] The dose response curve for the purified 
growth factor depicted in Fig. M illustrates that as little 
as 0.1 nM led to a detectable stimulation of DMA synthe- 
sis Thus, the activity range was comparable to that of 
the other growth factors analyzed to date. A linear re a- 
ttonship was observed in the concentration range 0 1 - 
1 o nM with maximal stimulation of 600 fold observed at 
1 0 nM. The novel factor consistently induced a higher 
level of maximal thymidine incorporation than EGF, 
aFGF, or bFGF in the BALB/MK keratinocytes (Fig. 1-4). 
[0115] The distinctive target cell specificity of this 
factor was demonstrated by comparing its activities on a 
variety of cell types with those of other growth factors 
known to possess epithelial cell mitogenic activity. As 
shown in Table I-2, the newly isolated factor exhibited a 
strong mitogenic effect on BALB/MK but also induced 
demonstrable incorporation of thymidine into DNA of 
the other epithelial cells tested. In striking contrast, the 
- factor had no detectable mitogenic effects on mouse (or 
human, data not shown) fibroblasts or human saphen- 
ous vein endothelial cells. 

[0116] By comparison, none of the other known 
growth factors appeared to preferentially stimulate 
keratinocytes. TGFo and EGF shoved potent activity on 
fibroblasts, while the FGFs were mitogenic for endothe- 
lial cells as well as fibroblasts (Table I-2). Because of its 
specificity of epithelial cells and the sensitivity of kerati- 
nocytes in particular, the novel mitogen was provision- 
ally designated as keratinocyte growth factor (KGF). 
[0117] To establish that KGF not only would stimu- 
late DNA synthesis but would also support sustained 
cell growth, the ability of BALB/MK cells to grow in a 
fully-defined, serum-free medium supplemented with 
this growth factor was assessed. As shown in Fig. I-5, 
KGF served as an excellent substitute for EGF but not 
insulin (or insulin-like growth factor I) in this chemically 
defined medium. Thus, KGF appears to act through the 
major signalling pathway shared by EGF, aFGF and 
bFGF for proliferation of BALB/MK cells. 



[0 118] Mi^gnuencinq P°""» lc 3 ' """"" N - term| - 

nnlfmirr ^ fi»r™» of KGF To ,urther ch f ra , c, r 
ize the growth factor, approximately 150 pmol of C 4 - 
purified material were subjected to ammo acid 
s sequence analysis. A single sequence was detected 
with unambiguous assignments made for cycles 2-13, 
as follows: X-Asn-Asp-Met-Thr-Pro-Glu-Gln-Met-Ala- 
Thr-Asn-Val. High background noise precluded an 
assignment for the first position which is, therefore, indi- 
, 0 cated by an X. 

[0119] A computer search using the FASTP pro- 
gram (I-24) revealed that the N-terminal amino acid 
sequence of KGF showed no significant homology to 
any protein in the National Biomedical Research Foun- 
, 5 dation data bank, thus supporting the novelty of this epi- 
thelial growth factor. 



niRCUSSION 

zo [0120] The studies described in this Experimental 
Section identified a human growth factor which has a 
unique specificity for epithelial cells. By employing ultra- 
filtration, HSAC and RP-HPLC or TSK sieving chroma- 
tography according to the present invention, a quantity 
25 sufficient to permit detailed characterization of the phys- 
ical and biological properties of this molecule was iso- 
lated. .. 
r0121] A single silver-stained band corresponding 
to a molecular weight of about 28,000 daltons was 
30 detected in the active fractions from RP-HPLC, and the 
intensity of the band was proportional to the level of 
mitogenic activity in these fractions. A band indistin- 
guishable from that obtained by RP-HPLC was seen in 
the active fractions from TSK chromatography. The pun- 
as lied protein stimulated DNA synthesis in epithelial cells 
at sub-nanomolar concentrations, but failed to induce 
any thymidine incorporation in fibroblasts or endothelial 
cells at comparable or higher concentrations (up to 5 
nM) This distinctive target cell specificity combined with 
40 the single novel N-terminal amino acid sequence deter- 
mined from the purified molecule lead to the conclusion 
that KGF represents a new growth factor. 
[01 22] In a chemically defined medium the purified 
factor was able to complement the insulin-like growth 
45 factor l/insulin growth requirement of BALB/MK cells 
and therefore must act through a signal transduction 
pathway shared with EGF, TGFa and the FGFs. Moreo- 
ver the new factor was more potent than any of the 
known epithelial cell mitogens in stimulating thymidine 
50 incorporation in BALB/MK cells. Preliminary evidence 
indicates that this factor is also capable of supporting 
proliferation of secondary cultures of human keratinoc- 
ytes (data not shown). 

[01 23] Handling and storage of KGF were problem- 
55 atical during its purification. Besides its inherent lability 
to acid and heat, it was unstable to lyophilization or dial- 
ysis. After HSAC, complete loss of activity occurred 
within 24 hr despite the use of carrier proteins, heparin, 
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protease inhibitors, siliconized tubes or storage at either 
4° or -20°C. Only concentrating the sample at this stage 
could preserve its activity. 

rni241 Furthermore, in order to transfer the dned, 
pled factor it was necessary to 
acid or detergent, consistent with an adsorpfve ten 
Sncy or insolubility. Thus, for preservation of act-v,* 
Z purified factor was maintained in solujon at h«h 
concentrations at -70°C where it rema.ned stable for 

ability of KGF to bind heparin may sig- 
£ a fundamental property of this factor that has a 
"bearing on its function in ?"-<^"£^ 
heparin-binding properties .nclude aFGF ( -20 I 22) 
bFGF (M9 1-22) granulocyte/macrophage colony stjm- 
uS actor and interleukin 3. (1-25) Each of these ,s 
produced by stroma, cells (1-25-1-27). Such factors 
appear to be" deposited in the extracellular ma nx, or on 
proteoglycans coating the stromal cell surface (1-25 1^ 
S It has been postulated that their storage, retease 
and contact with specific target cells are regulated by 
ths irteraction (1-25, 1-28). While mesenchyma l-derrved 
effects of eptthelial cell proliferation have afco been 
Sd (1-29-1-31 ), their identities have not been eb- 
Jdate? heparii-binding properties, release by 
human embryonic fibroblast stromal cells, and eprfhehal 
ceTtropism provide KGF with all of the property 
expect of such a paracrine mediator of normal epithe- 

lial cell growth. . . . . 

r0126l The partial amino acid sequence determined 
for this new growth factor has enabled molecular clon.ng 
of its coding sequence and determination of .ts struc- 
Known families of growth factors, as 
described in Experimental Section II, below. 

nF F = n C M r.PSFOREXPEH I h<IFNTA| SECTIQM 1 
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cDNA SEQUENCE OF A NOVEL EPITHELIAL CELL 
SPECIFIC GROWTH FACTOR DEFINES A NEW 
MEMBER OF THE FGF FAMILY 

[01281 Work in the previous Experimental Section I 
Ee Jied and purHied a nove. neparin-binding gro* 
factor, designated keratinocyte growth factor (KGF). 
wntoh is particularly active on keratinocytes and 
appears to be specfflc for epithelial cells. This second 
Experimental Section describes the 
acterization of cDNA clones encoding KGF, using syn 
S c W-cleotides, based upon the expe— 
determined ^-terminal ammo acid ^ ue "° e ; * s 
hybridization probes. Nucleotide sequence analysis 
S£2 ed a 582-bp open reading frame which would 
S e Z a m amino acid polypeptide that is between 
5% and 33% identical to the heparin-bind.ng acidic 
and basic fibroblast growth factors (FGFs), and the 
related products of the hst and M* oncogene . The 
KGF aene FtNA transcript is expressed in normal 1 brob- 
Sts of both embryonic and adult origin, but not ,n ep, 
SLrendothelia, or glial cells. Thus, KGF appear o 
be no mally expressed by the mesenchyme, indicating 
a ro e n the regulation of epithelial ceil prolrterafon. 



t^Tmi^ C flM P MFTHOPS 



[0 129] i-hV-n i*riNA clones. The purriicaton 
and N-termina. sequencing of KGF has been previo s y 
described (see Experimental Section I, above and IW). 
PoS (50 pmole) of deoxyoligonucleotides described 
under Results were 5' end-labelled using 83 pmole of t- 
32p atp (3000 CVmmole, Amersham) and 10 units of 
T4 polynucleotide kinase. The recombinant phagecar- 
ryin g cDNA clones were replica plated onto nrtwceHu- 
oTe filters and hybridized with ^-labeled 
deoxyoligonucleotides in 20% formamide, 10% dextran 
Shate 10 mM Tris-HCI (pH 7.5), 8 x SSC, 5x Den- 
hardfs and 50 ,g/ml denatured salmon sperm DNA, 
overnight at 42'C. Filters were washed in 0.5 x SSC 
uT% SDS at 50°C and exposed to Kodak X-omat AR 

luTaol Di^aUfinsing- The nucleotide sequence 
of the KGF cDNA was determined by the dideoxy chain 
tirmmation method (li-26), of overlapping restricts 
fragments, subcloned into pUC vectors (II-27) 

[0131] r p n - t ri * m ^ f a hacterial ^nrwwon vector 
or KGF cDNA. KGF cDNA encoding the mature, 
secreted form of the polypeptide was placed under con- 
trol of the hybrid irk promoter in the plasmid «pw*»n 
vector pKK233-2 (11-31), as follows. To accomplish this, 
a specific length of KGF cDNA that contained the infor- 
mation to code for the mature KGF molecule i-e w h- 
out its signal peptide) was amplified using the 
polymerase chain reaction (PCR) techmque (II-32) The 
fragment was directionally inserted between two s.tes in 



the vector, namely the Nco\ site, made blunt ended by 
S1 nuclease digestion, and the H/ndlll site, using stand- 
ard recombinant DNA methodology. The ends of the 
KGF cDNA produced by the PCR method were as fol- 
lows - the 5' end was blunt and began with an ATG 
5 Sdon foilowed by the codon TGC for cys residue^ 
number 33, which is the amino terminal residue of the 
nTre form of KGF (see Fig. IM). and then the entire 
KGF coding sequence. The stop codon, TAA, and he 
„ four bases immediately following, TTGC, were also 
W ncluded on the 3" end of the cDNA. The primer used in 
Z PGR method to direct DNA synthesis to the desired 
position on the 3' end of the cDNA included a HmM 
S for insertion of the amplified cDNA into the vector 

15 mi3 21 pr~Vrtr" nf antihnnios against KGF and 

Son^cTa^st intact. purHied protein from 
human fibroblasts using 5 or more subcutaneous ,n,ec- 
» Sons Test bleeds were screened with a solid-phase 
EL SA) assay using highly purified KGF from human 
epithelial cells as antigen. Hybridomas were prepared 
b y routine methods and supernatents were screened 
with the ELISA assay to detect KGF-react,ve antibodies 
25 Z ive clones were serially subcloned by the usua 
methods, and selected subclones were grown as 
Sites tumors in mice for production of large amou * 
of antibodies. Antibodies were purified from ascites .flu- 
ids employing standard techniques (e.g., hydroxyapat,te 
30 or immunoaffinity resins). cunthg , t ic 
r0133l Polyclonal antibodies against a synthet.c 
'peptide were raised in rabbits by standard 
follows The peptides were made by solid phase tech 
oology and coupled to thyroglobulin by reaction with glu- 
3s taraldehyde. Serial subcutaneous injections were made 
" Sd Seed were screened by ELISA as well as other 
techniques, including Western blot analys.s and 
Oogenesis bioassay. IgG immunogiobulins were iso- 
lated by affinity chromatography using immobilized pro- 

40 ioTsfl Polyclonal antibodies were raised in rabbits 
against both naturally secreted KGF frorr, i human fibrob- 
lasts and recombinant KGF produced in E.col, (see next 
section), using the following protocol: 

45 i) initial injection and lirst boost were administered 
in the inguinal lymph nodes; 
ii) subsequent boosts were made intramuscularly. 



50 Screening o, test bleeds included ELBA- » well as 
Western blot analysis and mitogenes.s bioassay, and 
IgG was purrfied as for antibodies against synthetic pep- 
tides, above. 

55 BESULIS 

r0 i35] |"'~ .nNA clones encoding the nove l 
gI2!HtDjaeM . to search for cDNA clones corresponding 
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to the KGF coding sequence, two pools of oligonucle- 
otides with lengths of 26 bases were generated based 
upon a nine-amino acid sequence, Asn-Asp-Met-Thr- 
Pro-Glu-Gln-Met-Ala, as determined by microsequenc- 
ing of purified KGF (see Experimental Section I, above 
and reference II-3). One oligonucleotide pool contained 
a mixture of all 256 possible coding sequences for the 
nine amino acids, while the other contained inosine res- 
idues at the degenerate third position of the codons for 
Thr and Pro. 

[0136] This latter design reduced the number of 
possible coding sequences in the pool to 16. Inosine in 
a tRNA anticodon can form hydrogen bonds with A, C or 
U (II-4), and oligonucleotides that contain deoxyinosine 
have been shown to hybridize efficiently with the corre- 
sponding cDNA (II-5). 

[0137] A cDNA library was constructed in a cDNA 
cloning vector, pCEV9 (II-6) using polyadenylated RNA 
extracted from the human embryonic lung fibroblast cell 
line M426 (II-7), the initial source of the growth factor. 
Screening of the library (9 x 10 5 plaques) with the 32 P- 
labelled 26-mer oligonucleotides identified 88 plaques 
which hybridized to both pools of oligonucleotide 
probes. 

[0138] Characterization and sequencing of selected 
cDNA clones . Of 10 plaque-purified clones that were 
analyzed, one, designated clone 49, had a cDNA insert 
of 3.5 kb, while the rest had inserts ranging from 1 .8 kb 
to 2.1 kb. 

[0139] Analysis of the smaller clones revealed sev- 
eral common restriction sites. Sequencing of a repre- 
sentative smaller clone, designated clone 32, along with 
clone 49, demonstrated that they were overlapping 
cDNAs (Fig 11-1 A). Whereas clone 49 was primed from 
the poly(A) tail of the message, clone 32 arose during 
the construction of the library by hybridization of the 
oligo (dT) primer to an A-rich sequence in the 3* non- 
coding region of the KGF mRNA. 
[0140] Description of the sequence encoding the 
KGF polypeptide . Alignment of the two cDNAs (clones 
32 and 49) established a continuous sequence of 3.85 
kb containing the complete KGF coding sequence (Fig. 
11-1 B). An ATG likely to be an initiation codon was 
located at nucleotide position 446, establishing a 582- 
base pair open reading frame that ended at a TAA ter- 
mination codon at position 1030. This open reading 
frame would encode a 194-amino acid polypeptide with 
a calculated molecular weight of 22,512 daltons. 
[0141] The sequence flanking the ATG codon did 
not conform to the proposed GCC(G/A)CCATGG con- 
sensus for optimal initiation by eukaryotic ribosomes (II- 
8), however, there was an A three nucleotides upstream 
of the ATG codon. An A at this position is the most 
highly conserved nucleotide in the consensus. This ATG 
codon was preceded 85 nucleotides upstream by a 
TGA stop codon in the same reading frame. 
[01 42] A 1 9-amino acid sequence that was homolo- 
gous to the experimentally determined NH 2 -terminus of 



purified KGF began 32 amino acids downstream of the 
proposed initiation codon. There was complete agree- 
ment between the predicted and experimentally deter- 
mined amino acid sequences, where unambiguous 

5 assignments could be made. 

[0143] To search for homology between KGF and 
any known protein, a computer search of the National 
Biomedical Research Foundation data base using the 
FASTP program of Lipman and Pearson was conducted 

io (11-9). By this approach, a striking degree of relatedness 
between the predicted primary structure of KGF and 
those of acidic and basic FGF, as well as the related hst 
and /n?-2-encoded proteins was revealed. 
[0144] Expression of mRNA transcripts of the KGF 

15 gene in human celts . In preliminary attempts to examine 
expression of KGF mRNA in human cells, a probe span- 
ning the majority of the KGF coding sequence (Probe A, 
Figure II-1A) detected a single 2.4 kb transcript by 
Northern blot analysis of total M426 RNA (Figure 11-1 C). 

20 This was considerably shorter than the length of the 
composite cDNA sequence, 3.85 kb. 
[0145] However, on screening poly(A)-selected 
M426 RNA, an additional transcript of approximately 5 
kb was detected. Furthermore, a probe derived from the 

25 untranslated region of clone 49, 3* to the end of clone 32 
(Probe B, Figure 1 1-1 A), hybridized only to the larger 
message (Figure 11-1 C). Thus, it appears that the KGF 
gene is transcribed as to alternate RNAs. Two other 
members of the FGF gene family, bFGF (II-29) and int- 

30 2 (II-30), also express multiple RNAs, the significance 
of which remains to be determined. 
[0146] To investigate the normal functional role of 
KGF, the expression of its transcript in a variety of 
human cell lines and tissues was examined. As shown 

35 in Figure II-3, the predominant 2.4 kb KGF transcript 
was detected in each of several stromal fibroblast lines 
derived from epithelial tissues of embryonic, neonatal 
and adult sources, but not from epithelial cell lines of 
normal origin. The transcript was also detected in RNA 

40 extracted from normal adult kidneys and organs of the 
gastrointestinal tract, but not from lung or brain. The 
striking specificity of KGF RNA expression in stromal 
cells from epithelial tissues indicated that this factor 
plays a normal role in mesenchymal stimulation of epi- 

45 thelial cell growth. 

[01 47] For comparison, the mRNAs of other growth 
factors with known activity on epithelial cells were also 
analyzed in the same tissues as listed above. Among 
the epithelial and stromal cell lines analyzed, there was 

so no consistent pattern of expression of aFGF or bFGF 
transcripts (Fig. II-3). The EGF transcript was not 
expressed an any of the same cell lines, and was only 
observed in kidney, among the various tissues. Finally, 
the TGFa message was not detected in any of the stro- 

55 mal fibroblast lines and was expressed at varying levels 
in each of the epithelial cell lines. It was also detected at 
low levels in kidney among the tissues examined (Fig. II- 
3). 
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roi48] mmL^U^jrmam^^-^ 

PJ,. Heparin has been showr , tc ' -^JS 
inhale the mitogenic activity of aFGF tor a variety or 
^1 s!n cu"*. and to stabilize it from heat inacti- 
on n 2 II-22) Despite binding tightly to bFGF, 
SSJEIS enects on Its mitogenic activity^ 
22?Tview of the relatedness of KGF to the FGFs, the 
effect of heparin on KGF mitogenic activity was exam- 
ined As shown in Table IM , thymidine .ncorpora, ..on by 
£u£! cells in response to KGF was inhibited 16 fo d 
wheh heparin was included in the culture medium. In 
^asUhTactivities of both aFGF and bFGF were 
increased by the same treatment. 
[0149] FTQd^ctioi^^ 
kinds of antibodies which recognize KGF or KGF Ite 
polypeptides have been prepared using standard meth- 
SologL well known in the art of experimental immu- 
nology and summarized in the Methods section abova 

These inc,ude: n™ 0010 " 3 ' antib ° dteS "L ? 

ISinst ntact, purified protein from human fibrob as s; 
po cSnal antibodies rased in rabbits against synthetic 
neoSes with sequences based on ammo acd 
Suences predicted from the KGF cDNA sequence; 
SSST^S*. raised in rabbits against both nat- 
Sy secreted KGF from human fibroblasts anc .recom- 
binant KGF produced in E.coli (see next 
mi50] Monoclonal antibodies from three different 
hybrids ha ve been purified. All three 
recombinant as well as the naturally occurring KGF in a 
solid-phase (ELISA) assay. None cross-reacts with KGF 
"derdenaiuring condittons (in a Western ** and 
none neutralizes mitogenic activ.ty of KGF in the 
BALB/MK bioassay. 

[0151] Polyclonal antibodies were generated I with a 
synthetic peptide with the amino ■« ^n-™"" 
PEQMATNVR, corresponding to residues numbered 1 32 
Lough 44 in KGF (see Fig. IM). plus an R (arg) res, 
due instead of the actual asp residue encoded by the 
cDNA at position 45. The asp residue is probably glyco- 
sylated in the natural KGF polypeptide and. therefore 
appeared to be an arg in the amino ac^equencing 
data obtained directly from that polypeptide (see D s- 
cussion below). Polyclonal antibodies generated with 
mis yn hetic peptide recognize both naturally occurring 
aid recombinant in ELISA and Western b.ot ana. 
yses at a level of sensitivity of at least as low as 10 ng 
protein. These antibodies, however, do not neutralize 
mitogenic activity of KGF in the BALB/MK b'oassay 
S152] Polyclonal antisera against intact nafcral 
[ KGF protein recognizes KGF in both ELISA and West- 
ern blot assays. Such antibodies also appear to inhibit 
mitogenic activity of KGF in the BALB/MK 
[0153] Expierinn of KGF cDNA in KGF 
cDNA was expressed to produce polypeptide in £ coU 
by placing its coding sequence under control of ft. 
hybrid ffi promoter (comprising elements of tjj> and las 
p^motts). in the p.asmid pKK233-2 (.1-31). To accom- 
pZthis, a specific length of KGF cDNA that contained 



the information to code for the mature KGF molecule 
(i e ., without its signal peptide) was amplrfied using the 
■ polymerase chain reaction technique (II-32). The frag- 
ment was directions inserted between two sites in the 
. vector, namely the Ncol site, made blunt ended b SI 
nuclease digestion, and the H,ndlll s.te, using standard 
ecombinant DNA methodology. Selected recombinant, 
were sequenced at their cDNA 5' ends to ensure cor ect 
alignment of the ATG initiation codon with the regulatory 
m elements of the Ok promoter. 

T01541 Several recombinants were tested for protein 
production by the usual small scale methods. In bru* 
ihe clones were grown to mid-exponential phase 
OD -0 5) treated with 1 mM isopropyl P-D-thioga- 
15 SyranosWe (IPTG) for 90 minutes, and eel, extracts 
were run on SDS-polyacrylamide gels ^for Wes er bk* 
analysis All recombinants tested synthesized a prote.n 
r t Cs recognized by antibodies raisej |a = st an 
amino-terminal KGF peptide. One recombinant was 
„ Sected which showed the greatest inducts from 
IPTG, for further protein analyses. 
[0155] One liter of bacteria was grown up in NZY 
broth containing 50 ng/ml ampicillin and 12.5 ug ml tet- 
to OD 595 ~0.5, and treated for 90 m,. with 
25 IPTG. The cells were collected by centnfugahon, resus 
oended in 50 mM sodium phosphate (Ph 7.3), 0.2 M 
NaCI, and lysed by sonication. Cell debris was removed 
by centrifugation, and lysate applied directly to a 
heparin-Sepharose affinity column. 
so [0156] As determined by Western blot analyse and 
mitogenic activity in keratinocytes, recombinant KGF 
was eluted in 0.5-0.6 M NaCI. Subsequent purification 
^ he HSAC materia, with a Mono-S (FPLC) column 
(Pharmacia) yieided a preparation of KGF estimated to 
35 be >90% pure, as judged by electrophoretic analysis 
using SDS-polyacrylamide gels and silver-sta.n.n^ 
101571 Recombinant KGF efficiently stimulated thy- 
midine incorporation into BALB/MK keratinocyte eel s, 
EJE. only marginally active on NIH/3T3 fibroblas^ 
40 Half-maxJ. stimulate of the BALB/MK e* in he 
standard keratinocyte bioassay was achieved with a 
concentration of between 2 to 5 ng/ml, compared to a 
Concentration of 10 to 15 ng/m. for KGF ^ie f = 
M426 cells. One liter of bacterial cells yielded approx. 
45 mately 50 ng of Mono-S purified recombinant KGF. 
[0158 ] & 2 nsj QJ cJi0j^^ 
^o F^nuences . The studies above indicated that 
KG F possessed two distinctive characteristics which 
might be encoded by distinct portions or domains of the 
so pjypeptide sequence, as is well known to occur i cod- 
ing sequences of other multifunctional polypeptides^ To 
test this possibility, a chimeric DNA segment encoding 
the NH 2 -terminal sequence of KGF grafted onto the C- 
ermina. core of aFGF was constructed, as follows^ A 
55 Sau 3AI restriction enzyme site (GATC) in the 5 end of 
the KGF cDNA, within codons for residues 78 and 7a 
( arg and ile. respectively; see Fig. IM) ^ cut and 
oined to an homologous site in the aFGF cDNA within 
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codons for amino acids 39 (arg) and 40. The 3 and 5 
?nds of this chimeric DNA were joined to the vector 
DNA of the plasmid pKK233-2 by the same method 
used for insertion of the KGF cDNA encod.ng the 
secreted form of polypeptide (see Methods, above). 
[01591 When recombinant E. coli cells were con- 
structed using the vector carrying the chime j and 
expressions tests were conducted as described Jo 
mature KGF, above, a novel product with propert.es of 
ooth KGF and aFGF was produced. The peptide was 
enriched by heparin-Sepharose chromatography and 
fold to have a target ce„ preference fo«cyte , 
like KGF, with minimal activity on fibroblasts (NIH*T3). 
The mitogenic activity of this chimeric polypeptide lacks, 
however, susceptibility to inhibition by heparin a char- 
acteristic which parallels that of aFGF rather than KGF. 
,n fact, the mitogenic activity on keratinocyles , . *utfy 
pnhanced by heparin, as is the case for aFGF. Thus the 
p p Slolns responsible for ce,l target speciUcty 
S heparin sensitivity are clearly distinct and read ly 
separable in KGF, according to the pract.ce of the 
present invention. 

nigr.ilSSION 



[0160] The experiments described in ^ section 
llustrate the practice of several principal embodiment 
of the present invention. These include «tt»n o 
cDNAs encoding KGF, expression of such cDNAs in 
recombinant cells; production of vanous ant.bod.es 
reactive with KGF, and construction and expression a fa 
chimeric cDNA encoding a novel growth facto w.th 
amino acid sequences and related funct.onal .es of 
both KGF and aFGF. The following po.nts related to 
these embodiments may also be noted to enhance the 
understanding of the present invenhon. 
r0161] The sequence predicted from the KGF 
cDNA agreed with the amino acid sequence determ.ned 
from the purified KGF form secreted by human fibrob- 
lasts. Moreover, the sequence offered potential expla- 
nations for positions where definitive ammo acid 
assignments cou.d not be made by direct amino , 
sequencing. Residues 32 and 46 are predated from the 
cDNA sequence to be cysteines, and hydrolyzed derrv- 
atives of unmodified cysteine residues are not detecta_ 
ble following Edman degradation. The predicted KGF 
amino acid sequence also contained one potential re- 
linked glycosylation site (Asn-X-Ser/Thr) from residues 
45 through 47 If Asn 45 were glycosylated, .t would not 
be detected by the amino acid sequencing methods 
employed here. In fact, KGF migrates as a broad band 
on NaDodS0 4 /PAGE at a higher molecular weight than 
predicted for the purified protein. This is may be 
accounted for by glycosylation. 
[01621 The FGFs are heparin-binding mitogens 
with broad target cell specificities (11-10). The hst gene 
was identified as a transforming gene from a human 
stomach tumor (11-11), adjacent normal stomach tissue 



( ,M2). and from Kaposi's sarcoma (11-13), by -standard 
NIH/3T3 transfection assays. The product of the mt-2 
■ qene is expressed normally during mouse embryogen- 
esis (ii-H) and aberrantly after proviral integration of 
s mouse mammary tumor virus (11-1 5). 

roi631 KGF is the sixth member of the fibroblast 
growth factor family to be Wentified (II-28). While the 
name FGF-6 does not seem suitable because KGF .s 
devoid of activity on fibroblasts, this nomenclature may 
, 0 also be used for this growth factor, to denote its struc- 
JS relationship to the FGF family. As all previously 
characterized growth factors either exclude epithelial 
cells as targets or include them among a number of sen- 
sitive target cells, the highly specific nature of KGF 
,. mitogenic activity for epithelial cells, and the sens,trv,ty 
of keratinocytes in particular, make it unique 
[01641 In studies to date, expression of the KGF 
ranscript appears to be specific for stromal cells 
derived from epithelial tissues, suggesting its function m 
20 normal epithelial cell proliferation. The availability of the 
KGF cDNA clone will make it possible to determme 
whether abnormal expression of this growth factor can 
be implicated in clinical conditions characterized by epi- 
thelial cell dysplasia and/or neoplasia. Moreover, the 
25 ability to produce large quantities of this novel growth 
factor by recombinant techniques should allow testing of 

its clinical applicability in situations where specrt.c 
growth of epithelial cells is of particular importance^ 
[0165] Alignment of the KGF sequence w.th the five 
so other proteins of the FGF 

regions of homology, spanning ammo acids 65-156 .and 
162-189 in the predicted KGF sequence, which were 
separated by a short, nonhomologous series of ammo 
acids with varying lengths in different members of the 
35 family (Fig. H-2). In the case of int-2, the length of this 
sequence was i 7 residues, while in M. the two homol- 
ogous regions were contiguous. In KGF the intervening 
sequence consisted of five amino acids. 
[0166] in the aligned regions, the KGF am.no acid 
40 sequence was about 44% identical to int-2 (mouse) 
39% identical to bFGF (human), 37% identical to aFGF 
(human) and 33% identical to hst (human). In this same 
region, all six proteins were identical at 1 9% of the resi- 
dues, and allowing for conservative substitutions, they 
45 showed 28% homology. _ 

[0167] As shown in Fig. II-2, the am.no termini of 
hese related proteins are nonhomologous and of varia- 
ble length. The primary KGF and hst translation prod- 
ucts contain hydrophobic N-terminal regions which 
so Hkely serve as signal sequences (IM6 J^d tha 
this N-terminal domain is not present .n the mature KGF 
molecule (Fig. 11-1 B) further supports this " 
contrast, the FGFs are synthesized apparently without 
signal peptides (11-10). The int-2 protein contains ; an 
55 ajpically short region of N-terminal hydrophobic resi- 
dues (11-17), but it is not known if the protein is secreted 
Moreover, the int-2 protein contains a long C- terminal 
extension compared to the other family members. 
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[01681 Purified KGF contains five cysteine resi- 
dues two of which are conserved throughout the family 
of FGF related proteins (Rg. 11-2). Also of note are the 
five pairs of basic residues throughout the KGF 
sequence. This same pattern has been observed in 
other FGF family members and may be involved in their 
interaction with heparin (11-18). Dibasic sites are also 
common targets for proteolytic processing and such 
processing might account for the microheterogeneity 
observed in some KGF preparations (unpublished 
data). 

[0169] The KGF cDNA sequence was AT rich 
throughout its length, but particularly so in the 3' 
untranslated region where the AT content was 70% as 
compared to 60% in the putative coding sequence and 
63% in the 5' untranslated region. The 3' untranslated 
region contained a large number of ATTTA sequences, 
which have been proposed to be involved in the 
selected degradation of transiently expressed, unstable 
RNAs (11-19). There was no classical AATAAA polyade- 
nvlation signal but two variant sequences, AATTAA and 
AATACA (II-20), were detected 24 and 19 nucleotides, 
respectively, upstream of the poly(A) sequence at the 3 1 
end of the cDNA. . 
[0170] It has been suggested that the heparin effect 
on acidic FGF is either due to stabilization of the active 
conformation of the growth factor or to formation of a 
tertiary complex with acidic FGF and its receptor (11-21 , 
II-22). If so, heparin may stabilize a conformation of 
KGF that is not as active as the free molecule, or form a 
tight complex that is unable to efficiently interact with its 
receptor. 

[0171] While its ability to bind heparin reflects the 
structural similarities of KGF with the FGF's, the differ- 
ences in target cell specificities between these related 
mitogens is remarkable. The FGF's induce division of 
most nonterminally differentiated cells of both embry- 
- onic mesodermal and neuroectodermal origin. In addi- 
tion to fibroblasts and vascular endothelial tissues, 
mesodermal^ derived targets in culture include myob- 
lasts chondrocytes and osteoblasts (II-23). FGF's are 
also 'mitogenic for glial astrocytes and neuroblasts (II- 
24) The product of the oncogene isolated from Kaposi's 
sarcoma, which is identical to hst, also stimulates prolif- 
eration of NIH/3T3 and capillary endothelial cells (II-25). 
To date, KGF induced mitogenesis has only been 
observed in epithelial cells, and the absence of any 
detectable activity in fibroblasts or endothelial cells has 
also been demonstrated (see Experimental Section I, 
above and II-3). It seems likely, therefore, that KGF acts 
through a different cell surface receptor than the FGFs. 
[0172] There is no significant N-terminal homology 
between KGF and other FGF-related proteins. Thus, 
the construction of chimeric molecules between KGF 
and a prototype FGF was undertaken to determine 
whether the KGF N-terminal domain is sufficient to 
account for its unique target cell specificity. The results 
on the first such recombinant polypeptide sequence 



indicate that the N-terminal domain of KGF essentially 
encodes the cell preference for keratinocytes, while the 
susceptibility of KGF to heparin is encoded somewhere 
in the C-terminal core region which was replaced by 
5 sequences of aFGF. This novel KGF-like growth factor 
may have advantages in clinical applications where 
administration of an epithelial-specific growth factor is 
desirable in the presence of heparin, a commonly used 
anticoagulant. Additional studies on chimeras should 
f0 also provide insights into which specific domains in the 
C-terminal core contribute the different effects of 
heparin on their biologic activities. 
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[0174] For purposes of completing the background 
description and present disclosure, each of the pub- 
lished articles, patents and patent applications hereto- 
fore identified in this specification are hereby 
incorporated by reference into the specification. 
[0175] The foregoing invention has been described 
in some detail for purposes of clarity and understand- 
ing It will also be obvious that various combinations in 
form and detail can be made without departing from the 
scope of the invention. 



Claims 

Claims tor the following Contracting States : AT, BE, 
CH, LI, DE, DK, FR, GB, IT, LU, NL, SE 

1 An isolated glycosylated or unglycosylated kerati- 
nocyte growth factor (KGF) protein comprising: (a) 
the following amino acid sequence, (b) a portion of 
the following amino acid sequence without the N- 
terminal 31 amino acids, or (c) an amino acid 
sequence that differs by the addition, deletion, or 
substitution of one or more amino acids from the 
following amino acid sequence: 

MHKWILTWILPTLLYRSCFHIICL 
VGTISLACNDMTPEQMATNVNCS 
SPERHTRSYDYMEGGDIRVRRLF 
CRTQWYLRIDKRGKVKGTQEMK 

N 

NYNIMEIRTVAVGIVAIKGVESEF 
YLAMNKEGKLYAKKECNEDCNFK 
ELILENHYNTYASAKWTHNGGEM 
FVALNQKGIPVRGKKTKKEQKTA 

HFLPM AIT 

wherein said protein is capable of stimulating DNA 
synthesis in quiescent BALB/MK epidermal kerati- 
nocytes by more than 500-fold while lacking 
mitogenic activity on fibroblasts and endothelial 
cells. 

2 The KGF protein of claim 1, wherein 5 nM of said 
protein exhibits less than one-fold stimulation over 
background in NIH/3T3 fibroblasts. 

35 3 The KGF protein of any of claims 1 to 2 which has 
a specific activity of at least about 3.4 x 10 4 units 
per milligram of protein, where one unit of activity is 
defined as that amount which causes half of the 
maximal possible stimulation of DNA synthesis in 
BALB/MK keratinocyte ceils. 

4. The KFG protein of any of claims 1 to 3 which is gly- 
cosylated. 

5. The KGF protein of any of claims 1 to 3 which is not 
glycosylated. 

6. The KGF protein of any of claims 1 to 5 comprising 
so the amino acid sequence: 

CNDMTPEQMATNVNCS 
SPERHTRSYDYMEGGDIRVRRLF 
CRTQWYLRIDKRGKVKGTQEMK 

55 N 

NYNIMEIRTVAVGIVAIKGVESEF 
YLAMNKEGKLYAKKECNEDCNFK 
ELILENHYNTYASAKWTHNGGEM 



15 



20 



25 



30 



40 



45 



20 



39 



EP 0 555 205 B1 



FVALNQKGIPVRGKKTKKEQKTA 
HFLPMAIT. 

The KGF protein of any of claims 1 to 5, comprising 
an amino acid sequence differing by the addfton. 5 
deletion, or substitution of one or more ammo acids 
from the following amino acid sequence. 

CNDMTPEQMATNVNCS 
' sPERHTRSYDYMEGGDIRVRRLFK) 
; CRTQWYLRIDKRGKVKGTQEMK 

' NYNIMEIRTVAVGIVAIKGVESEF 
Y L A MNK EGKLYAKKECNEOCNFK 
E ILENHYNTYASAKWTHN6GEM.5 
FVALNQKGIPVRGKKTKKEQKTA 

HFLPMAIT 

. The KGF protein of any of claims 1 to 5, comprising 
In amino acid sequence differing by the addfton. » 
deletion or substitution of one or more amino acids 
from the following amino acid sequence. 

MHKWILTWILPTLLYRSCFHIICL 

V G T MS LA C NDMTPEQMATNV NC S25 
SPERHTRSYDYMEGGDIRVRRLF 
CRTQWYLRIDKRGKVKGTQEMK 

NYNIMEIRTVAVGIVAIKGVESEF 
YLAMNKEGKLYAKKECNEDCNF K30 
EULENHYNTYASAKWTHNGGEM 
FVALNQKGIPVRGKKTKKEQKTA 

HFLPMAIT. 



9 The KGF protein of any of claims 1 to 5, «mpn«nfl * 
9 - a segment of amino acids of Figure 1MB which 

comprises amino acids 32 to 78 of Figure 11-1 B to 
confer on the KGF protein preferential mitogenic 
activity on an epithelial cell. ^ 

10 The KGF protein of any of claims 1 to 5, comprising 
a segment of the following amino acid sequence. 

MHKWILTWILPTLLYRSCFHIICL 
VGTISLACNDMTPEQMATNVNCS45 
SPERHTRSYDYMEGGDIRVRRLF 
CRTQWYLRIDKRGKVKGTQEMK 

NYNIMEIRTVAVGIVAIKGVESEF 
Y L A MNK EGKLYAKKECNEDCNF Kso 
EULENHYNTYASAKWTHNGGEM 
FVALNQKGIPVRGKKTKKEQKTA 

HFLPMAIT. 



40 

VGTISLACNDMTPEQMATNVNCS 
SPERHTRSYDYMEGGDIRVRRLF 
CRTQWYLRIDKRGKVKGTQEMK 

NYNIMEIRTVAVGIVAIK GVESEF 
YLAMNKEGKLYAKKECNEDCNFK 
EULENHYNTYASAKWTHNGGEM 
FVALNQKGIPVRGKKTKKEQKTA 

HFLPMAIT. 

12. An Isolated glycosylated or ungr/cosylated kerati- 
nocyte growth factor (KGF) protein according to any 
of claims 1 to 5 consisting of a segment of the fol- 
lowing amino acid sequence: 

CNDMTPEQMATNVNCS 
SPERHTRSYDYMEGGDIRVRRLF 
CRTQWYLRIDKRGKVKGTQEMK 

NYNIMEIRTVAVGIVAIKGVESEF 
YLAMNKEGKLYAKKECNEDCNFK 
ELILENHYNTYASAKWTHNGGEM 
FVALNQKGIPVRGKKTKKEQKTA 

HFLPMAIT, 

wherein said segment has mitogenic activity for a 
keratinocyte cell, and wherein "id segment may 
further include methionine at the ammo terminus. 

13 The KGF protein of claim 12 which has a specific 
Svity of at least about 3.4 x 10< unite per mill, 
gram of protein, where one unit of activity .s defined 
as that amount which causes half of the ^maxima, 
possible stimulation of DNA synthes.s in BALB/MK 
keratinocyte cells. 

14 The KGF protein of any of claims 1 to 13, wherein 
' said KGF protein comprises Met at the amino termi- 
nus. 



11 The KGF protein of claim 10, consisting of a seg- 
ment of the following amino acid sequence: 

MHKWILTWILPTLLYRSCFHIICL 



15. A pharmaceutical composition comprising at least 
one KGF protein according to any of claims 1 to 14. 

16. A pharmaceutical composition comprising at least 
one KGF protein according to any of claims 1 to 14 
for stimulating epithelial cells. 

17 Use of the KGF protein according to any of claims ; 1 
to 14 for preparing a medicament for stimulating 
epithelial cells. 

18 Use of the KGF protein according to any of claims 1 
' to 14 for preparing a medicament, wherein the 

medicament is to be topically applied to the sk.n or 
55 eye. 

19 Use according to claim 18, wherein the medica- 
ment is to be topically applied to the sk.n. 
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20. A chimeric protein which comprises within a single 
polypeptide molecule a KGF protein of any of 
claims 1 to 14 and at least one other polypeptide 
portion of the fibroblast growth factor family. 

21. The chimeric protein of claim 20, comprising amino 
acids 32 to 78 of Figure 1MB to confer on the 
polypeptide molecule preferential mitogenic activity 
of KGF for an epithelial cell. 

22. The chimeric protein of claim 21, wherein the 
fibroblast growth factor is acidic fibroblast growth 
factor (aFGF). 

23. The chimeric protein of claim 22, wherein the 
polypeptide portion of aFGF is defined by amino 
acid residues in that portion of aFGF that is homol- 
ogous to the KGF sequence responsible for heparin 
sensitivity of KGF. 

24 The chimeric protein according to claim 23, wherein 
' the KGF protein is defined by amino acid residues 

numbered 32 through 78 in Figure 1MB and said 
polypeptide portion of aFGF is defined by the car- 
boxyl terminus of aFGF, beginning at res.due 
number 39. 

25 A pharmaceutical composition comprising a chi- 
meric protein according to any of claims 20 to 24, 
and a pharmaceutical^ acceptable carrier. 

26 Use of a chimeric protein according to any of claims 
20 to 24 for preparing a medicament for treating 
conditions requiring specific stimulation of epithelial 
cells in the presence of heparin. 

27. Use of a chimeric protein according to any of claims 
20 to 24 for preparing a medicament that is to be 
topically applied to the skin or eye. 

28. An antibody specifically directed against KGF pro- 
tein of any of claims 1 to 1 4. 

29. The antibody of claim 28 which neutralizes the 
mitogenic activity of human KGF. 

30. The antibody of claim 28 which is a polyclonal anti- 
body. 

31. The antibody of claim 28 which is a monoclonal 
antibody. 

32. The antibody of claim 28 which reacts against the 
peptide NDMTPEQMATNVR. 

33 A pharmaceutical composition comprising at least 
' one antibody of claim 28 and a pharmaceutical^ 
acceptable carrier. 



34 use of the antibody of any of claims 28 to 32 for 
" preparing a medicament for treating conditions 

requiring specific inhibition of stimulation of epithe- 
lial cells by KGF. 

35 A recombinant DNA molecule encoding a keratino- 
' cyte growth factor (KGF) according to any of claims 

1 to 14. 

36 A recombinant DNA molecule which encodes a chi- 
meric protein according to any of claims 20 to 24. 

37. A recombinant DNA molecule comprising the DNA 
" of any of claims 35 and 36 and a vector. 

The recombinant DNA ■ molecule of claim 37, 
wherein said vector is a plasmid, a bacteriophage 
cloning vector, a DNA sequencing plasmid vector, a 
bacterial gene expression vector, or a mammalian 
gene expression vector. 

39. A host cell comprising a recombinant DNA mole- 
cule of any of claims 37 or 38. 



38. 



25 40 The cell of claim 39 wherein said cell is a mamma- 
lian cell, an insect cell, a yeast cell, or a bacterial 
cell. 

41 a method of producing KGF protein according to 
so claim 1 comprising culturing the cell of any of 
claims 39 to 40 in a culture medium under condi- 
tions such that said protein is produced. 

42. The method of claim 41 further comprising isolating 
35 the KGF protein. 

43 The method of claim 41 , wherein said recombinant 
DNA molecule comprises a promoter DNA other 
than the promoter DNA for the native KGF opera- 

40 lively linked to the DNA encoding the KGF protein. 

44 A method of claim 43, wherein said recombinant 
* DNA molecule comprises native DNA encoding the 

KGF protein. 

45. The method of any of claims 41 to 44, wherein said 
cell is an E. coli cell. 
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46. A method of producing KGF protein or chimeric 
protein of any of claims 1 to 1 4, or 20 to 24 compris- 
ing the following steps: 

i) contacting a first solution comprising said 
protein with heparin under conditions such that 
said protein binds to the heparin whereby a 
heparin-protein complex is formed; 

ii) separating said heparin-protein complex 
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from said first solution; and 



iii) dissociating said protein from the heparin- 
protein complex. 

47. A method for determining the level of a KGF RNA 
transcript comprising the steps of: 

i) isolating mRNA from tissues or cells; 

ii) annealing said mRNA to a DNA probe 
! encoding a KGF protein according to any of 

claims 1 to 14 to form a DNA:RNA hybrid; and 

iii) determining the amount of said DNA:RNA is 
hybrid. 



w 2. 



48. A method for detecting a KGF protein in a sample 
comprising: 

i) reacting polypeptides from body fluids or tis- 
sue samples with an antibody of claim 29 to 
form an antibody-polypeptide complex; and 
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5. 



6. 



30 



35 



ii) detecting said complex. 

49. A composition comprising KGF protein or chimeric 
protein of any of claims 1 to 14, or 20 to 24. 

50. A method of stimulating epithelial cell growth in 
vitro comprising adding an amount of the composi- 
tion of claim 49 sufficient to stimulate epithelial cell 
growth. 

51. The method of claim 50, wherein said cells are 
keratinocytes. 

Claims tor the following Contracting State : ES 

1 . A method for producing an isolated glycosylated or 
unglycosylated keratinocyte growth factor (KGF) 
protein comprising: (a) the following amino acid 
sequence, (b) a portion of the following amino acid 
sequence without the N-terminal 31 amino acids, or 
(c) an amino acid sequence that differs by the addi- 
tion, deletion, or substitution of one or more amino 
acids from the following amino acid sequence: 



MHKWILTWILPTLLYRSCFHIICL 
VGTISLACNDMTPEQMATNVNC Sso 
SPERHTRSYDYMEGGDIRVRRLF 
CRTQWYLRIDKRGKVKGTQEMK 

N 

NYNIMEIRTVAVGIVAIKGVESEF 
YLAMNKEGKLYAKKECNEDCNFK55 
ELILENHYNTYASAKWTHNGGEM 
FVALNQKGIPVRGKKTKKEQKTA 

HFLPMAIT 



wherein said protein is capable of stimulating DNA 
synthesis in quiescent BALB/MK epidermal kerati- 
nocytes by more than 500-fold while lacking 
mitogenic activity on fibroblasts and endothelial 
ceils, comprising culturing a host cell comprising a 
recombinant DNA molecule encoding said KGF 
protein under conditions such that said protein is 
produced. 

The method of claim 1 , wherein 5 nM of said protein 
exhibits less than one-fold stimulation over back- 
ground in NIH/3T3 fibroblasts. 

The method of any of claims 1 to 2 which has a spe- 
cific activity of at least about 3.4 x 10 4 units per mil- 
ligram of protein, where one unit of activity is 
defined as that amount which causes half of the 
maximal possible stimulation of DNA synthesis in 
BALB/MK keratinocyte cells. 

The method of any of claims 1 to 3 wherein said 
KGF protein is glycosylated. 

The method of any of claims 1 to 3 wherein said 
KGF protein is not glycosylated. 

The method of any of claims 1 to 5 wherein said 
KGF protein comprises the amino acid sequence: 

CNDMTPEQM ATNVNCS 
SPERHTRSYDYMEGGDIRVRRLF 

CPTQWYLRIDKRGKVKGTQEMK 
N 

NYNIMEIRTVAVGIVAIKGVESEF 
YLAMNKEGKLYAKKECNEDCNFK 
ELILENHYNTYASAKWTHNGGEM 
FVALNQKGIPVRGKKTKKEQKTA 

HFLPMAIT. 
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The method of any of claims 1 to 5, wherein said 
KGF protein comprises an amino acid sequence 
differing by the addition, deletion, or substitution of 
one or more amino acids from the following amino 
acid sequence: 

CNDMTPEQMATNVNCS 

SPERHTRSYDYMEGGDIRVRRLF 

CRTQWYLRIDKRGKVKGTQEMK 

N 

NYNIMEIRTVAVGIVAIKGVESEF 

YLAMNKEGKLYAKKECNEDCNFK 

ELILENHYNTYASAKWTHNGGEM 

FVALNQKGIPVRGKKTKKEQKTA 

HFLPMAIT 

The method of any of claims 1 to 5, wherein said 
KGF protein comprises an amino acid sequence 
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differing by the addition, deletion or substitution of 
one or more amino acids from the followmg am-no 

acid sequence: 

MHKWILTWILPTLLYRSCFHIICL -5 
VGTISLACNDMTPEQMATNVNCS 
SPERHTRSYDYMEGGDIRVRRLF 
CRTQWYLRIDKRGKVKGTQEMK 

:^N, M E.RTVAVG.VA.KGVESEF 
.YLAMNKEGKLYAKKECNEDCNFK 
EULENHYNTYASAKWTHNGGEM 
FVALNQKGIPVRGKKTKKEQKTA 

HF LP MA IT. )5 

9. The method of any of claims 1 to 5, wherein sajd 
KGF protein comprises a segment of am.no ac.ds 
of Rgure IM B which comprises am.no acids 32 to 
78 of Figure 11-1 B to confer on the KGF protein pref- 
erential mitogenic activity on an epithelial cell. 

in The method of any of claims 1 to 5, wherein said 
KGF pin compLs a segment of the following 
amino acid sequence: ^ 

MHKW.LTWILPTLLYRSCFH.ICL 
VGTISLACNDMTPEQMATNVNCS 
SPERHTRSYDYMEGGDIRVRRLF 
CRTQWYLRIDKRGKVKGTQEMK 

NYNIMEIRTVAVGIVAIKGVESEF 
YLAMNKEGKLYAKKECNEDCNFK 
EULENHYNTYASAKWTHNGGEM 
FVALNQKGIPVRGKKTKKEQKTA 

HF LP MA IT. 35 

11 The method of claim 10, wherein said KGF protein 
consists of a segment of the following ammo acd 
sequence: 40 
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MHKWILTWILPTLLYRSCFHIICL 
VGTISLACNDMTPEQMATNVNCS 
SPERHTRSYDYMEGGDIRVRRLF 
CRTQWYLRIDKRGKVKGTQEMK 

45 

NYNIMEIRTVAVGIVAIKGVESEF 
YLAMNKEGKLYAKKECNEDCNFK 
EULENHYNTYASAKWTHNGGEM 
FVALNQKGIPVRGKKTKKEQKTA^ 

HFLPMAIT. 50 

12. A method for producing an isolated glycosylated or 
unglycosylated keratinocyte growth factor (KGF) 
protein according to any of claims 1 to 5 consist.ng 
of a segment of the following amino acid sequence: ss 

CNDMTPEQMATNVNCS 
SPERHTRSYDYMEGGDIRVRRLF 



46 

CRTQWYLRIDKRGKVKGTQEMK 

NYNIMEIRTVAVGIVAIKGVESEF 
YLAMNKEGKLYAKKECNEDCNFK 
EULENHYNTYASAKWTHNGGEM 
FVALNQKGIPVRGKKTKKEQKTA 

HFLPMAIT, 

wherein said segment has mitogenic activity for a 
keratinocyte cell, and wherein sa.d segment may 
further include methionine at the amino terminus, 
comprising cu.turing a host cell comprising a 
recombinant DNA molecule encoding said KGF 
protein under conditions such that said prote.n .s 
produced. 

13 . The method of claim 12 wherein said KGF | protein 
has a specific actr/.ty of at least about 3.4 x 10 
units per milligram of protein; where one unit o 
activity is defined as that amount which causes half 
ofthe maximal possible stimulation of DNA synthe- 
sis in BALB/MK keratinocyte cells. 

14 The method of any of claims 1 to 13, wherein saW 
' KGF protein comprises Met at the ammo terminus. 

15. A method for producing a pharmaceutical composi- 
tion comprising at least one KGF prote.n according 
to any of claims 1 to 14, comprising prepar.ng said 
pharmaceutical composition in a manner known per 

se. 

16. A method for producing a pharmaceutical composi- 
tion comprising at least one KGF prote.n according 
te any of claims 1 to 14 for stimulating ep.thel.a 
cells/comprising preparing said pharmaceutical 
composition in a manner known per se. 

17. A method for preparing a medicament comprising a 
KGF protein according to any of claims 1 to 14, 
wherein the medicament Is to be topically applied to 
the skin or eye, comprising preparing sa.d medica- 
ment in a manner known per se. 



18 The method according to claim 17, wherein the 
' medicament is to be topically applied to the sk,n. 

19 A method for producing a chimeric protein wherein 
' said chimeric protein comprises within a single 

polypeptide molecule a KGF protein of any of 
claims 1 to 14 and at least one other polypeptide 
portion of the fibroblast growth factor family, com- 
prising culturing a host cell comprising a re^m- 
binant DNA molecule encoding said chimeric 
protein under conditions such that said ch.meric 
protein is produced. 
20. The method of claim 19, wherein said chimeric pro- 



24 



47 



EP 0 555 205 B1 



48 



tein comprises amino acids 32 to 78 of Figure 1MB 
ScXTon the polypeptide moiecule preferenfai 
mitogenic activity of KGF for an epithelial cell. 

21. The method of claim 20, wherein the fibroblast 
growth factor is acidic fibroblast growth factor 
(aFGF). 

22 . The method of claim 21, wherein the polypeptide 
portion of aFGF is defined by ammo ac.d residues 
°n that portion of aFGF that is homologous to the 
KGF sequence responsible for heparin sensiftflty of 
KGF. 

23. The method according to claim 22, wherein , the 
KGF protein is defined by amino ac,d residues 
numbered 32 through 78 in Figure 1MB and sa.d 
^peptide portion of aFGF is defined by the ca, 
boxyl terminus of aFGF. beginning at res.due 
number 39. 

24 A method for producing a pharmaceutical composi- 
24 ' Jon comprising a chimeric protein according £ . any 
of claims 19 to 23, and a pharmaceutical* accept- 
Soo^ing preparing said pharmaceu- * 
tical composition in a manner known per se. 

25. A method for preparing a medicament for treating 
conditions requiring specific stimulat.cn of ep.thel.al 
cells in the presence of heparin, where.n sa.d med- 
icament comprises a chimeric protein according to 
any of claims 19 to 23, comprising preparing sa,d 
medicament in a manner known per se. 

26 A method for preparing a medicament that is to be 
topically applied to the skin or eye, where.n said 
medicament comprises a chimeric prote.n accord- 
- ing to any of claims 19 to 23, comprising prepar.ng 
said medicament in a manner known per se. 

27. A method for producing an antibody specrtically 
directed against KGF protein of any of cla.ms 1 to 
14 comprising culturing a host cell compns.ng a 
recombinant DNA molecule encoding said ant.body 
under conditions such that said antibody .s pro- 
duced. 

28 The method of claim 27 wherein said antibody neu- 
tralizes the mitogenic activity of human KGF. 

29. The method of claim 27 wherein said antibody is a 
polyclonal antibody. 

30. The method of claim 27 wherein said antibody is a 
monoclonal antibody. 

31. The method of claim 27 wherein i 
reacts against the peptide NDMTPEQMATNVR. 



32 A method for preparing a pharmaceut.ca compos.- 
tion comprising at least one antibody of claim 27 
and a pharmaceutical* acceptable carr.er, com- 
prising preparing said pharmaceutical composition 

5 in a manner known per se. 

33 A method for preparing a medicament tor treating 
3 inrf.Ls requiring specific inhibition of stimu.at.on 

of epithelial cells by KGF, wherein said medicament 
„ comprises the antibody of any of cla.ms 27 to 31 
comprising preparing said medicament .n a manner 
known per se. 

34. A method for producing a recombinant DNA ™J^" 
I5 cule encoding a keratinocyte growth factor (KGP) 
according to any of clams 1 to 14, compns.ng con- 
structing said recombinant DNA molecule .n a man- 
ner known per se. 

„ 35. A method for producing a recombinant DNA ^mole- 
cule which encodes a chimeric protein according to 
any of claims 19 to 23, comprising constructing said 
recombinant DNA molecule in a manner known per 
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se. 

36. A method for producing a recombinant DNA mole- 
cu .e comprising the DNA of any of cla.ms 34 and 35 
and a vector, comprising constructing sa.d recom- 
binant DNA molecule in a manner known per se. 

37. The method of claim 36, wherein said vector is .a 
plasmid. a bacteriophage cloning vector, a DNA 
sequencing plasmid vector, a bacter.al gene 
expression vector, or a mammalian gene expres- 

35 sion vector. 

38. A method for producing a host cell comprismg a 
recombinant DNA molecule of any of d«m36« 
37, comprising transforming a host cell with sad 

4 o recombinant DNA molecule. 

39. The method of claim 38 wherein said cell is a mam- 
malian cell, an insect cell, a yeast cell, or a bactenal 
cell. 

45 40. A method of producing KGF protein according to 
claim 1 comprising culturing the cell of any of 
claims 38 to 39 in a culture medium under cond.- 
tions such that said protein is produced. 

41. The method of claim 40 further comprising isolating 
the KGF protein. 

42. The method of claim 40, wherein said recornbinant 
55 DNA molecule comprises a promoter DNA ^other 

than the promoter DNA for the nat.ve KGF opera- 
tive* linked to the DNA encoding the KGF prote.n. 
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43. The method of claim 42, wherein said recombinant 
DNA molecule comprises native DNA encoding the 
KGF protein. 

44. The method of any of claims ,40 to 43, wherein said' 
cell is an E. coli cell. 

45. A method of producing KGF protein or chimeric 
protein of any of claims 1 to 1 4, or 1 9 to 23 compris- 
ing the following steps: 

< i) contacting a first solution comprising said 
protein with heparin under conditions such that 
said protein binds to the heparin whereby a 
heparin -protein complex is formed; 

ii) separating said heparin-protein complex 
from said first solution; and 



iii) dissociating said protein from the heparin- 20 
protein complex. 



46. A method for determining the level of a KGF RNA 
transcript comprising the steps of: 

i) isolating mRNA from tissues or cells; 
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ii) annealing said mRNA to a DNA probe 
encoding a KGF protein according to any of 
claims 1 to 14 to form a DNA:RNA hybrid; and 30 

iii) determining the amount of said DNA:RNA 
hybrid. 

47. A method for detecting a KGF protein in a sample 35 
comprising: 

i) reacting polypeptides from body fluids or tis- 
sue samples with an antibody of claim 28 to 
form an antibody-potypeptide complex; and 

ii) detecting said complex. 



40 



48. A method for producing a composition comprising 
KGF protein or chimeric protein of any of claims 1 to 
14, or 19 to 23, comprising producing said compo- 45 
sition in a manner known per se. 

49. A method of stimulating epithelial cell growth in 
vitro comprising adding an amount of the composi- 
tion of claim 48 sufficient to stimulate epithelial cell 50 
growth. 

50. The method of claim 49, wherein said cells are 
keratinocytes. 
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Patentanspruche 

Patentanspruchefurtolgende Vertragsstaaten : AT, 
BE, CH, LI, DE, DK, FR, GB, IT, LU, NL, SE 

1. Isoliertes, glykosyliertes oder nicht-glykosyliertes 
Keratinocytenwachstumsfaktor (KGF)- Protein, 
umfassend: 

(a) die nachstehende Aminosauresequenz, 

(b) etnen Teil der nachstehenden Aminosaure- 
sequenz ohne die N-terminalen 31 Aminosau- 
ren oder 

(c) eine Aminosauresequenz, die sich durch 
die Addition, Deletion oder Substitution einer 
oder mehrerer Aminosauren von der nachste- 
henden Aminosauresequenz unterscheidet: 

MHKWILTWILPTLLYRSCFHI 
ICL 

VGTISLACNDMTPEQMATNV 
NCS 

SPERHTRSYDYMEGGDIRVR 
RLF 

CRTQWYLRIDKRGKVKGTQE 
MKN 

NYNIMEIRTVAVGIVAIKGVE 
SEF 

YLAMNKEGKLYAKKECNEDC 
N FK 

ELILENHYNTYASAKWTHNG 
GEM 

FVALNQKGIPVRGKKTKKEQ 
KTA 

HFLPMAIT, 

worin das Protein fahig ist, die DNA-Synthese 
in ruhenden BALB/MK epidermalen Keratino- 
cyten mehr als 500-fach zu stimulieren, wohin- 
gegen das Protein ketne mitogene Aktivitat auf 
Fibroblasten und Endothel-Zellen aufweist. 

KGF-Protein gemaG Anspruch 1, wobei 5 nM Pro- 
tein weniger ais einfache Stimulierung in NIH/3T3 
Fibroblasten gegenuber dem Hintergrund aufweist. 



3. KGF-Protein gemaG einem der Anspruche 1 - 2, 
wobei das KGF-Protein eine spezifische Aktivitat 
von wenigstens ungefahr 3,4 x 10 4 Einheiten pro 
Milligramm Protein aufweist, wobei eine Aktivitats- 
einheit definiert ist als die Menge, die die Halfte der 
maximal moglichen Stimulierung der DNA-Syn- 
these in BALB/MK Keratinocytenzellen hervorruft. 

4. KGF-Protein gemaB einem der Anspruche 1 - 3, 
wobei das KGF-Protein glykosyliert ist. 
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KGF-Protein gemaB einem der Anspruche 1 - 3, 
wobei das KGF-Protein nicht glykosyliert ist. 

KGF-Protein gemaB einem der Anspruche 1 - 5, 
das die Aminosauresequenz umfasst: 5 

CNDMTPEQM ATNVNCS 
SPERHTRSYDYMEGGDIRVRRLF 
CRTQWYLRIDKRGKVKGTQEMK 



10 



NYNIMEIRTVAVGIVAIKGVESEF 
YLAMNKEGKLYAKKECNEDCNFK 
ELILENHYNTYASAKWTHNGGEM 
FVALNQKGIPVRGKKTKKEQKTA 

H F L P M A I T. 
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KGF-Protein gemaB einem der Anspruche 1 - 5, 
das eine Aminosauresequenz umfasst, die sich 
durch die Addition, Deletion oder Substitution einer 
oder mehrerer Aminosauren von der nachstehen- 20 
den Aminosauresequenz unterscheidet: 

CNDMTPEQM ATNVNCS 
SPERHTRSYDYMEGGDIRVRRLF 
CRTQWYLRIDKRGKVKGTQEMK 25 

N 

NYNIMEIRTVAVGIVAIKGVESEF 
YLAMNKEGKLYAKKECNEDCNFK 
ELILENHYNTYASAKWTHNGGEM 
FVALNQKGIPVRGKKTKKEQKTA so 

HFLPMAIT 

I. KGF-Protein gemaB einem der Anspruche 1 - 5, 
das eine Aminosauresequenz umfasst, die sich 
durch die Addition, Deletion oder Substitution einer 35 
oder mehrerer Aminosauren von der nachstehen- 
den Aminosauresequenz unterscheidet: 

MHKWILTWILPTLLYRSCFHIICL 
VGTISLACNDMTPEQMATNVNC S40 
SPERHTRSYDYMEGGDIRVRRLF 
CRTQWYLRIDKRGKVKGTQEMK 

N 

NYNIMEIRTVAVGIVAIKGVESEF 
YLAMNKEGKLYAKKECNEDCNFK 
ELILENHYNTYASAKWTHNGGEM 
FVALNQKGIPVRGKKTKKEQKTA 

HFLPMAIT. 

9. KGF-Protein gemaB einem der Anspruche 1-5, so 
das einen Aminosaurenabschnitt von Rgur 1MB 
umfasst, der die Aminosauren 32 - 78 von Figur II- 
1 B umfasst, urn dem KGF-Protein bevorzugte mito- 
gene Aktivitat fur eine Epithelzelle zu ubertragen. 

10. KGF-Protein gemaB einem der Anspruche 1 - 5, 
das einen Abschnittder nachstehenden Aminosau- 
resequenz umfasst: 



MHKWILTWILPTLLYRSCFHIICL 
VGTISLACNDMTPEQMATNVNCS 
SPERHTRSYDYMEGGDIRVRRLF 
CRTQWYLRIDKRGKVKGTQEMK 

N 

NYNIMEIRTVAVGIVAIKGVESEF 
YLAMNKEGKLYAKKECNEDCNFK 
ELILENHYNTYASAKWTHNGGEM 
FVALNQKGIPVRGKKTKKEQKTA 

HFLPMAIT. 

11. KGF-Protein gemaB Anspruch 10, das aus einem 
Abschnitt der nachstehenden Aminosauresequenz 
besteht: 

MHKWILTWILPTLLYRSCFHIICL 
VGTISLACNDMTPEQMATNVNCS 
SPERHTRSYDYMEGGDIRVRRLF 
CRTQWYLRIDKRGKVKGTQEMK 

N 

NYNIMEIRTVAVGIVAIKGVESEF 
YLAMNKEGKLYAKKECNEDCNFK 
ELILENHYNTYASAKWTHNGGEM 
FVALNQKGIPVRGKKTKKEQKTA 

HFLPMAIT 

12. Isoliertes, glykosyliertes oder nicht-glykosyliertes 
Keratinocytenwachstumsfaktor (KGF)-Protein 
gemaB einem der Anspruche 1 - 5, das aus einem 
Abschnitt der nachstehenden Aminosauresequenz 
besteht: 

CNDMTPEQM ATNVNCS 
SPERHTRSYDYMEGGDIRVRRLF 
CRTQWYLRIDKRGKVKGTQEMK 

N 

NYNIMEIRTVAVGIVAIKGVESEF 
YLAMNKEGKLYAKKECNEDCNFK 
ELILENHYNTYASAKWTHNGGEM 
FVALNQKGIPVRGKKTKKEQKTA 

HFLPMAIT, 

worin der Abschnitt mitogene Aktivitat fur eine 
Keratinocytenzelle aufweist, und wobei der 
Abschnitt weiterhin Methionin am Amino-Terminus 
umfassen kann. 

13. KGF-Protein gemaB Anspruch 12, wobei das KGF- 
Protein eine spezifische Aktivitat von wenigstens 
ungefahr 3,4 x 10 4 Einheiten pro Milligramm Pro- 
tein aufweist, worin eine Aktivitatseinheit definiert 
ist als die Menge, die die Halfte der maximal mogli- 
chen Stimulierung der DNA-Synthese in BALB/MK 
Keratinocytenzellen hervorruft. 

14 KGF-Protein gemaB einem der Anspruche 1 - 13, 
worin das KGF-Protein Met am Amino-Terminus 
umfasst. 
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15 Pharmazeutische Zusammensetzung, die wenig- 
" stens ein KGF-Protein gemaB einem der Anspru- 

che 1 - 14 umfasst. 

16 Pharmazeutische Zusammensetzung zur Stimulie- 
rung von Epithelzelien, die wenigstens ein KGF- 
Protein gemaB einem der Anspruche 1 - 14 
umfasst. 

17 Verwendung des KGF-Proteins gemaB einem der 
' Anspruche 1 - 14 zum Herstellen eines Medika- 

mentes zur Stimulierung von Epithelzelien. 

18 Verwendung des KGF-Proteins gemaB einem der 
Anspruche 1 - 14 zum Herstellen eines Medika- 
mentes, worin das Medikament topisch auf die 
Haut Oder das Auge aufgebracht wird. 

19 Verwendung des KGF-Proteins gemaB Anspruch 
" 1 8, worin das Medikament topisch auf die Haut auf- 
gebracht wird. 

Chimares Protein, wobei das chimare Protein 
innerhalb eines einzelnen Polypeptidmolekuls ein 
KGF-Protein gemaB einem der Anspruche 1-14 
und wenigstens einen weiteren Tell eines Polypep- 
tides der Fibrobiastenwachstumsfaktor-Familie 

umfasst. 



Medikamentes zum Behandeln von Zustanden, die 
die spezifische Stimulierung von Epithelzelien in 
Gegenwart von Heparin erfcrdern. 

5 27 Verwendung eines chimaren Proteins gemaB 
* einem der Anspruche 20 - 24 zum Herstellen eines 
Medikamentes, das topisch auf die Haut Oder das 
Auge aufgebracht wird. 

to 28. Antikorper, der spezilisch gegen das KGF-Protein 
gemaB einem der Anspruche 1 - 14 gerichtet tst. 

29. Antikorper gemaB Anspruch 28, der die mitogene 
Aktivitatvon humanem KGF neutralisiert. 
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21 Chimares Protein gemaB Anspruch 20, das die 
Amtnosauren 32 bis 78 von Figur 11-1 B umfasst, urn 
dem PotypeptidmolekOi bevorzugte mitogene Akti- 
vitat von KGF fur eine Epithetzelle zu ubertragen. 

22 Chimares Protein gemaB Anspruch 21, worin der 
Fibroblastenwachstumsfaktor der saure Fibrobla- 
stenwachstumsfaktor (aFGF) ist. 

23 Chimares Protein gemaB Anspruch 22, worin der 
Tell eines Polypeptides von aFGF durch die Amino- 
saurereste in dem Tell von aFGF bestimmt ist, der 
homolog zu der fur die Heparinsensitivitat von KGF 
verantwortlichen KGF-Sequenz ist. 

24. Chimares Protein gemaB Anspruch 23, worin das 
KGF-Protein durch die Aminosaurereste 32 - 78 in 
Figur 11-1 B bestimmt ist und der Teil eines Polypep- 
tides von aFGF durch den Carboxy-Terminus von 
aFGF bestimmt ist, der mil dem Aminosaurerest 39 
beginnt. 



30. Antikorper gemaB Anspruch 28, der ein polyklona- 
ler Antikorper ist. 

31. Antikorper gemaB Anspruch 28, der ein monoklo- 
20 naler Antikorper ist. 

32. Antikorper gemaB Anspruch 28, der mit dem Peptid 
NDMTPEQMATNVR reagiert. 

25 33 Pharmazeutische Zusammensetzung, die wenig- 
stens einen Antikorper gemaB Anspruch 28 und 
einen pharmazeutisch vertraglichen Trager 
umfasst. 

30 34 Verwendung des Antikorpers gemaB einem der 
Anspruche 28 - 32 zum Herstellen eines Medika- 
mentes zum Behandeln von Zustanden, die die 
spezifische Hemmung der Stimulierung von Epi- 
thelzelien durch KGF erfordern. 



35 
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25. Pharmazeutische Zusammensetzung, die ein chi- 
* mares Protein gemaB einem der Anspruche 20 - 24 

und einen pharmazeutisch vertraglichen Trager 
umfasst. 

26. Verwendung eines chimaren Proteins gemaB 
einem der Anspruche 20 - 24 zum Herstellen eines 



35 Rekombinantes DNA-Molekul, das einen Keratino- 
cytenwachstumsfaktor (KGF) gemaB einem der 
Anspruche 1 - 14 kodiert. 

36 Rekombinantes DNA-Molekul, das ein chimares 
Protein gemaB einem der Anspruche 20 - 24 
kodiert. 

37 Rekombinantes DNA-Molekul, das das DNA-Mole- 
kul gemaB einem der Anspruche 35 und 36 und 
einen Vektor umfasst. 

38 Rekombinantes DNA-Molekul gemaB Anspruch 37, 
worin der Vektor ein Plasmid, ein Bakteriophagen- 
Klonierungsvektor, ein DNA-Sequenzierungs-Plas- 
midvektor, ein Genexpressionsvektor in Baktenen 
Oder ein Genexpressionsvektor in Saugern ist. 

39 Wirtszelle, die ein rekombinantes DNA-Molekul 
gemaB einem der Anspruche 37 oder 38 umfasst. 

40 Zelle gem&B Anspruch 39, worin die Zelle eine 
Saugerzelle, eine insektenzelle, eine Hefezelle, 
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Oder eine Bakterienzelle ist. 



41 Verfahren zum Herstellen des KGF-Proteins 

stellt wird. 

42 Verfahren gemaB Anspruch 41, das weiterhin den w 
« des .solierens des KGF-Proteins umfasst. 

43. Verfahren gemaB Anspruch 41, worm das ^rekombi- 
nante DNA-Molekul eine von der naturhchen KGF- 
Promotor-DNA unterschiedliche P"™***? i. 
umfasst, die in operator Weise m.t der das KGF 
Protein kodierenden DNA verbunden ist. 



56 

n Umsetzen von Polypeptiden aus K6rperflus- 
sigkeiten oder Gewebeproben mit einem Anti- 
korper gemaB Anspruch 29 zur Bildung ernes 
Antikorper-Polypeptidkomplexes;und 

ii) Nachweisen des Komplexes. 

49. Zusammensetzung, die das KGF-Protein oder cM- 
mares Protein gemaB einem der Anspruche 1 • 14 
oder 20 - 24 umfasst. 

50. Verfahren zur Stimulierung^s ^^Ses 
turns in vitro, wobei das Verfahren dsnSclrtte 
Hinzufugens einer fur die Stimulierunj , des Eprthel- 
zellwachstums ausreichenden Menge der 
Zusammensetzung gemaB Anspruch 49 umfasst. 

51. Verfahren gemaB Anspruch 50, worin die Zellen 

Keratinocyten sind. 



liche DNA umfasst. 



45 Verfahren gemaB einem der Anspruche 41 - 44, 
' worin die Zelle eine E. coli Zelle ist. ^ 

4e . Verfahren zum Hersteilen * 

des chimaren Proteins gemaB emem de Anspru 
c he 1 . H oder 20 - 24, das die nachstehenden 
Schritte umfasst: 30 

i) mkontaktbringen einer ersten das Protein 
umfassenden Losung mit Heparin unter Bedm- 
aungen, so dass das Protein an das Hepann 
bindet, wodurch ein Heparin-Proteinkomplex ^ 
gebildet wird; 

,,) Abtrennen des Heparin-Proteinkomplexes 
aus der ersten Losung; und 

iii) Abtrennen des Proteins aus dem Heparin- 40 
Proteinkomplex. 

47 Verfahren zum Bestimmen des Spiegels an! KGF- 
RNA-Transkript, wobei das Verfahren d,e Schntte 

umfasst: 



45 



i) isolieren der mRNA aus Geweben oder Zel- 
len* 

ii) 'Anlagern (annealing) der mRNA an erne 
DNA-Sonde, die ein KGF-Prote.n gemaB so 
einem der Anspruche 1- 14 kodiert, zur B,l- 

dung eines DNA:RNA-Hybrids; und 

iii) Bestimmen der Menge von DNA.RNA 
Hybrid. 55 

48. Verfahren zum Nachweisen eines KGF-P^n 
einer Probe, wobei das Verfahren die Schntte 

umfasst: 



1 Verfahren zum Herstellen eines isolierten glykosy- 
Iterten oder nicht-glykosylierten Keratmocyten- 
wachstumsfaktor (KGF)-Proteins, umfassend: 

a) die nachstehende Aminosauresequenz, 

b) einen Teil der nachstehenden Aminosaure- 
sequenz ohne die N-terminalen 31 Am.nosau- 

ren oder 

c) eine Aminosauresequenz, die sich durch die 
Addition, Deletion oder Substitution e.ner oder 
mehrerer Aminosauren von der nachstehen- 
den Aminosauresequenz unterscheidet. 

MHKWILTWILPTLLYRSCFHI 

V°GTISLACNDMTPEQMATNV 

N C S 

SPERHTRSYDYMEGGDIRVR 
C RTQWYL RIDKRGKVKGTQE 
NYNIMEIRTVAVGIVAIKGVE 
YLAMNKEGKLYAKKECNEDC 
EULENHYNTYASAKWTHNG 

FVALNQKGIPVRGKKTKKEQ 
KTA 

H F L P M A I T, 



worin das Protein fahig ist. die DNA-Synthese 
in ruhenden BALB/MK epidermalen Keratino- 
cyten mehr als 500-fach zu stimulieren, woh.n- 
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gegen das Protein ketne mitogene Aktivitat auf 
Fibroblasten und Endothel-Zellen aufweist, 
umfassend das Kultivieren einer Wirtszelle, die 
ein das KGF-Protein kodierendes rekombinan- 
tes DNA-MolekGI umfasst, unter Bedingungen, 
so dass das Protein hergestellt wird. 

Verfahren gemaB Anspruch 1, wobei 5 nM Protein 
weniger als einfache Stimulierung in NIH/3T3 
Fibroblasten gegenuber dem Hintergrund aufweist, 
umfassend das Kultivieren einer Wirtszelle, die ein 
das KGF-Protein kodierendes rekombinantes DNA- 
Molekul umfasst, unter Bedingungen, so dass das 
Protein hergestellt wird. 

Verfahren gemaB einem der Anspruche 1 bis 2, 
wobei das KGF-Protein eine spezifische Aktivitat 
von wenigstens ungefahr 3,4 x 10 4 Einheiten pro 
Milligramm Protein aufweist, wobei eine Aktivitats- 
einheit definiert ist als die Menge, die die Halfte der 
maximal moglichen Stimulierung der DNA-Syn- 
these in BALB/MK Keratinocytenzeilen hervorruft. 

Verfahren gemaB einem der Anspruche 1-3, wobei 
das KGF-Protein glykosyliert ist. 
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5. Verfahren gemaB einem der Anspruche 1 - 3, wobei 
das KGF-Protein ntcht-glykosyliert ist. 

6. Verfahren gemaB einem der Anspruche 1 - 5, wobei 
das KGF-Protein die Aminosauresequenz umfasst: 

CNDMTPEQM ATNVNCS 
SPERHTRSYDYMEGGDIRVRRLF 
CRTQWYLRIDKRGKVKGTQEMK 35 

N 

NYNIMEIRTVAVGIVAIKGVESEF 
YLAMNKEGKLYAKKECNEDCNFK 
EL1LENHYNTYASAKWTHNGGEM 
FVALNQKGIPVRGKKTKKEQKTA 40 

H F L P M A I T. 



Verfahren gemaB einem der Anspruche 1 - 5, wobei 
das KGF-Protein eine Aminosauresequenz 
umfasst, die sich durch die Addition, Deletion oder 
Substitution einer oder mehrerer Aminosauren von 
der nachstehenden Aminosauresequenz unter- 
scheidet: 



Verfahren gemaB einem der Anspruche 1 - 5, wobei 
das KGF-Protein eine Aminosauresequenz 
umfasst, die sich durch die Addition, Deletion oder 
Substitution einer oder mehrerer Aminosauren von 
der nachstehenden Aminosauresequenz unter- 
scheidet: 

MHKWILTWILPTLLYRSCFHIICL 
VGTISLACNDMTPEQMATNVNCS 
SPERHTRSYDYMEGGDIRVRRLF 
CRTQWYLRIDKRGKVKGTQEMK 

N 

NYNIMEIRTVAVGIVAIKGVESEF 
YLAMNKEGKLYAKKECNEDCNFK 
ELILENHYNTYASAKWTHNGGEM 
FVALNQKGIPVRGKKTKKEQKTA 

HFLPMAIT 

9. Verfahren gemaB einem der Anspruche 1 -5, wobei 
das KGF-Protein einen Aminosaurenabschnitt von 
Figur 11-1 B umfasst, der die Aminosauren 32-78 von 
Figur 11-16 umfasst, urn dem KGF-Protein bevor- 
zugte mitogene Aktivitat fur eine Epithelzelle zu 
ubertragen. 

10. Verfahren gemaB einem der Anspruche 1-5, wobei 
das KGF-Protein einen Abschnitt der nachstehen- 
den Aminosauresequenz umfasst: 

MHKWILTWILPTLLYRSCFHIICL 
VGTISLACNDMTPEQMATNVNCS 
SPERHTRSYDYMEGGDIRVRRLF 
CRTQWYLRIDKRGKVKGTQEMK 

N 

NYNIMEIRTVAVGIVAIKGVESEF 
YLAMNKEGKLYAKKECNEDCNFK 
ELILENHYNTYASAKWTHNGGEM 
FVALNQKGIPVRGKKTKKEQKTA 

HFLPMAIT 
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CNDMTPEQMATNVNCS 50 

SPERHTRSYDYMEGGDIRVRRLF 

CRTQWYLRIDKRGKVKGTQEMK 

N 

NYNIMEIRTVAVGIVAIKGVESEF 
YLAMNKEGKLYAKKECNEDCNF Kss 
ELILENHYNTYASAKWTHNGGEM 
FVALNQKGIPVRGKKTKKEQKTA 

HFLPMAIT. 



11. Verfahren gemaB Anspruch 10, wobei das KGF- 
Protein aus einem Abschnitt der nachstehenden 
Aminosauresequenz besteht: 

MHKWILTWILPTLLYRSCFHIICL 
VGTISLACNDMTPEQMATNVNCS 
SPERHTRSYDYMEGGDIRVRRLF 
CRTQWYLRIDKRGKVKGTQEMK 

N 

NYNIMEIRTVAVGIVAIKGVESEF 
YLAMNKEGKLYAKKECNEDCNFK 
ELILENHYNTYASAKWTHNGGEM 
FVALNQKGIPVRGKKTKKEQKTA 

HFLPMAIT. 

12. Verfahren zum Herstelien isolierten, glykosylierten 
oder nicht-glykosylierten Keratinocytenwachstums- 
faktor (KGF)-Proteins gemaB einem der Anspruche 
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1-5, wobei das KGF-Protein aus einem Abschnitt 
der'nachstehenden Aminosauresequenz besteht: 

CNDMTPEQM ATN VNCS 
SPERHTRSYDYMEGGDIRVRRLF5 

CRTQWYLRIDKRGKVKGTQEMK 
N 

NYNIMEIRTVAVGIVAIKGVESEF 
YLAMNKEGKLYAKKECNEDCNFK 
ELILENHYNTYASAKWTHNGGEMfO 
FVALNQKGIPVRGKKTKKEQKTA 

H F L P M A I T, 

worin der Abschnitt mitogene Aktivitat fur eine 
Keratinocytenzelle aufweist, und wobei der 15 
Abschnitt weiterhin Methionin am Amino-Terminus 
umfassen kann, umfassend das Kultivieren einer 
Wirtszelle, die ein das KGF-Protein kodierendes 
rekombinantes DNA-Molekul umfasst, unter Bedin- 
gungen, so dass das Protein hergestellt wird. 20 

13 Verfahren gemaB Anspruch 12, wobei das KGF- 
* Protein eine spezilische Aktivitat von wenigstens 
ungefahr 3,4 x 10 4 Einheiten pro Milligramm Pro- 
tein aufweist, worin eine Aktivitatseinheit defimert 25 
ist als die Menge, die die Haltte der maximal mogli- 
chen Stimulierung der DNA-Synthese in BALB/MK 
Keratinocytenzellen hervorruft. 

14. Verfahren gemaB einem der Anspruche 1-14, worin 30 
das KGF-Protein Met am Amino-Terminus umfasst. 

15. Verfahren zum Herstellen einer pharmazeutische 
Zusammensetzung, die wenigstens ein KGF-Pro- 
tein gemaB einem der Anspruche 1-14 umfasst, 35 
wobei das Verfahren das Herstellen der pharma- 
zeutischen Zusammensetzung in an sich bekannter 
Weise umfasst. 



16. Verfahren zum Herstellen einer pharmazeutischen 40 
Zusammensetzung, umfassend wenigstens em 
KGF-Protein gemaB einem der Anspruche 1 -1 4 zur 
Stimulierung von Epithelzellen, wobei das Verfah- 
ren das Herstellen der pharmazeutischen 
Zusammensetzung in an sich bekannter Weise 45 
umfasst. 

17. Verfahren zum Herstellen eines Medikamentes, 
umfassend ein KGF-Protein gemaB einem der 
Anspruche 1-14, worin das Medikament topisch auf so 
die Haut oder das Auge aufgebracht wird, und 
wobei das Verfahren das Herstellen des Medika- 
mentes in an sich bekannter Weise umfasst. 

18. Verfahren gemaB Anspruch 17, worin das Medika- 55 
ment topisch auf die Haut aufgebracht wird. 

19. Verfahren zum Herstellen eines chimares Proteins, 



wobei das chimare Protein innerhalb eines einzel- 
nen Polypeptidmolekuls ein KGF-Protein gemaB 
einem der Anspruche 1-14 und wenigstens einen 
weiteren Teil eines Polypeptides der Fibroblasten- 
wachstumsfaktor-Familie umfasst, wobei das Ver- 
fahren das Kultivieren einer Wirtszelle, die ein das 
chimare Protein kodierendes rekombinantes DNA- 
Molekul umfasst unter Bedingungen, so dass das 
Protein hergestellt wird, umfasst. 

20 Verfahren gemaB Anspruch 19, wobei das chimare 
Protein die Aminosauren 32 bis 78 von Figur 1MB 
umfasst, urn dem Polypeptidmolekul bevorzugte 
mitogene Aktivitat von KGF fur eine Epithelzelle zu 
ubertragen. 

21. Verfahren gemaB Anspruch 20, worin der Fibrobla- 
stenwachstumsfaktor der saure Fibroblasten- 
wachstumsfaktor (aFGF). 

22 Verfahren gemaB Anspruch 21 , worin der Teil eines 
Polypeptides von aFGF durch die Aminosaurereste 
in dem Teil von aFGF bestimmt ist, der homolog zu 
der fur die Heparinsensitivitat von KGF verantwort- 
lichen KGF-Sequenz ist. 

23. Verfahren gemaB Anspruch 22, worin das KGF- 
Protein durch die Aminosaurereste 32 - 78 in Figur 
11-1 B bestimmt ist und der Teil eines Polypeptides 
von aFGF durch den Carboxy-Terminus von aFGF 
bestimmt ist, der mit dem Aminosaurerest 39 
beginnt. 

24. Verfahren zum Herstellen einer pharmazeutischen 
Zusammensetzung, umfassend ein chimares Pro- 
tein gemaB einem der Anspruche 19-23 und einen 
pharmazeutisch vertraglichen Trager, wobei das 
Verfahren das Herstellen der pharmazeutischen 
Zusammensetzung in an sich bekannter Weise 
umfasst. 



25 Verfahren zum Herstellen eines Medikamentes 
zum Behandeln von Zustanden, die die spezifische 
Stimulierung von Epithelzellen in Gegenwart von 
Heparin erfordern, wobei das Medikament ein chi- 
mares Protein gemaB einem der Anspruche 1 9 - 23 
umfasst und wobei das Verfahren das Herstellen 
des Medikaments in an sich bekannter Weise 
umfasst. 

26 Verfahren zum Herstellen eines Medikamentes, 
das topisch auf die Haut oder das Auge aufge- 
bracht wird, wobei das Medikament ein chimares 
Protein gemaB einem der Anspruche 19 - 23 
umfasst, und wobei das Verfahren das Herstellen 
des Medikamentes in an sich bekannter Weise 
umfasst. 
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27 Verfahren zum Herstellen eines Antikorpers, der 
' spezifisch gegen das KGF-Protein gemaB einem 
der Anspruche 1-14 gerichtet ist, wobe, das Ver- 
fahren das Kultivieren einer Wirtszelle, die ein den 
Antikorper kodierendes rekombinantes DNA-Mole- 
kQI umfasst, unter Bedingungen, so dass das Pro- 
tein hergestelltwird, umfasst. 

28 Verfahren gemaB Anspruch 27, wobei der Antikor- 
per die mitogene Aktivitat von humanem KGF neu- 
tralisiert. 

29. Verfahren gemaB Anspruch 27, wobei der Antikor- 
per ein polyklonaler Antikorper ist. 

30. Verfahren gemaB Anspruch 27, wobei der Antikor- 
per ein monoklonaler Antikorper ist. 

31 Verfahren gemaB Anspruch 27, wobei der Antikor- 
' per mit dem Peptid NDMTPEQMATNVR reagiert. 

32 verfahren zum Herstellen einer pharmazeutischen 
' zusammensetzung, die wenigstens einen Antikor- 
per gemaB Anspruch 27 und einen pharmazeutisch 
vertraglichen Trager umfasst, und wobei das Ver- 
fahren das Herstellen der pharmazeutischen 
Zusammensetzung in an sich bekannter We.se 
umfasst. 

33 Verfahren zum Herstellen eines Medikamentes 
' Z um Behandeln von Zustanden, die die spezrtische 

Hemmung der Stimulierung von Epithelzellen von 
KGF erfordern, wobei das Medikament den Antikor- 
per gemaB einem der Anspruche 27 - 31 umfasst, 
und wobei das Verfahren das Herstellen des Medi- 
kamentes in an sich bekannter Weise umfasst. 

34 Verfahren zum Herstellen eines rekombinantes 
DNA-Molekuls, das einen Keratinocytenwachs- 
tumsfaktor (KGF) gemaB einem der Anspruche 1 - 
14 kodiert, wobei das Verfahren das Herstellen des 
rekombinanten DNA-Molekuls in an sich bekannter 
Weise umfasst. 

35 Verfahren zum Herstellen eines rekombinantes 
DNA-Molekuls, das ein chimares Protein gemaB 
einem der Anspruche 19 - 23 kodiert, und wobe. 
das Verfahren das Herstellen des rekombinanten 
DNA-Molekuls in an sich bekannter Weise umfasst. 

36 Verfahren zum Herstellen eines rekombinantes 
DNA-Molekul, dass das DNA-Molekul gemaB 
einem der Anspruche 34 und 35 und einen Vektor 
umfasst und wobei das Verfahren das Herstellen 
des rekombinanten DNA-Molekuls in an sich 
bekannter Weise umfasst. 

37. Verfahren zum Herstellen eines rekombinantes 



DNA-Molekul gemSB Anspruch 36, worin der Vek- 
tor ein Plasmid, ein Bakteriophagen-Klonierungs- 
vektor ein DNA-Sequenzierungs-Plasmidvektor, 
ein Genexpressionsvektor in Bakterien Oder e.n 
Genexpressionsvektor in Saugern ist. 

38 Verfahren zum Herstellen einer Wirtszelle, die ein 
' rekombinantes DNA-Molekul gemaB einem der 

Anspruche 36 oder 37 umfasst, und wobei das Ver- 
fahren das Transformieren einer Wirtszelle mit dem 
rekombinanten DNA-Molekul umfasst. 

39 Verfahren gemaB Anspruch 38, worin die Zelle eine 
Saugerzelle, eine Insektenzelle, eine Hefezelle, 
Oder eine Bakterienzelle ist. 

40 Verfahren zum Herstellen des KGF-Proteins 
' gemaB Anspruch 1, wobei das Verfahren den 

Schritt des Kultivierens der Zelle gemaB einem der 
Anspruche 38 - 39 in einem Kulturmedium unter 
Bedingungen umfasst, so dass das Protein herge- 
stellt wird. 

41 Verfahren gemaB Anspruch 40, das weiterhin den 
25 " Schritt des Isolierens des KGF-Proteins umfasst. 

42 Verfahren gemaB Anspruch 40, worin das rekornbi- 
nante DNA-Molekul eine von der natOrlichen KGf-- 
Promotor-DNA unterschiedliche Promotor-DNA 

ao umfasst, die in operativer Weise mit der das KGF- 
Protein kodierenden DNAverbunden ist. 

43 Verfahren gemaB Anspruch 42, worin das rekombi- 
' nante DNA-Molekul KGF-Protein kodierende natur- 

35 liche DNA umfasst. 



44. Verfahren gemaB einem der Anspruche 40 
worin die Zelle eine £ coli Zelle ist. 
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45 Verfahren zum Herstellen des KGF-Prote.ns oder 
des chimaren Proteins gemaB einem der Anspru- 
che 1 - 14 oder 19 - 23, das die nachstehenden 
Schritte umfasst: 

i) inkontaktbringen einer ersten das Protein 
umfassenden Losung mit Heparin unter Bedin- 
gungen, so dass das Protein an das Heparin 
bindet, wodurch ein Heparin-Proteinkomplex 
gebildet wird; 

ii) Abtrennen des Heparin-Proteinkomplexes 
aus der ersten Losung; und 

iii) Abtrennen des Proteins aus dem Heparin- 
Proteinkomplex. 

46. Verfahren zum Bestimmen des Spiegels an KGF- 
RNA-Transkript, wobei das Verfahren die Schritte 
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umfasst: 



i) Isolieren der mRNA aus Geweben oder Zel- 
len; 

ii) Anlagern (annealing) der mRNA an eine 
DNA-Sonde, die ein KGF-Protein gemaB 
einem der Anspruche 1-14 kodiert, zur Bil- 
dung eines DNA:RNA-Hybrids; und 



w 



iii) Bestimmen 
Hybrid. 



der Menge von DNA:RNA- 



47. 



15 2. 



Verfahren zum Nachweisen eines KGF-Proteins in 
einer Probe, wobei das Verfahren die Schritte 
umfasst: 

i) Umsetzen von Polypeptiden aus Korperflus- 
sigkeiten oder Gewebeproben mit einem Anti- 
korper gemaB Anspruch 28 zur Bildung eines 20 
Antikorper-Polypeptidkomplexes; und 



ii) Nachweisen des Komplexes. 



48. 



35 



Verfahren zum Herstellen einer Zusammen- 25 
setzung, die das KGF-Protein oder chimares Pro- 
tein gemaB einem der Anspruche 1 - 14 oder 19 - 
23 umfasst, wobei das Verfahren das Herstellen der 
Zusammensetzung in an sich bekannter Weise 
umfasst. 

49 Verfahren zur Stimulierung des Epithelzellwachs- 
tums in vitro, wobei das Verfahren den Schritt des 
Hinzufugens einer fur die Stimulierung des Epithel- 
zellwachstums ausreichenden Menge der 
Zusammensetzung gemaB Anspruch 48 umfasst. 

50. Verfahren gemaB Anspruch 49, worin die Zellen 
Keratinocyten sind. 

Revendlcatlons 

Revendlcatlons pour les Etats contractants sul- 
vants : AT, BE, CH, LI, DE, DK, FR, GB, IT, LU, NL, SE 

1. Proteine de facteur de croissance des keratinocy- 
tes (KGF) isolee, glycosylee ou non glycosylee, 
comprenant : (a) la sequence d'aminoacides sui- 
vante, (b) une partie de la sequence d'aminoacides 
suivante sans les 31 aminoacides N-terminaux, ou 
(c) une sequence d'aminoacides qui differe par 
(•addition, la deletion ou le remplacement d'un ou 
plusieurs aminoacides de la sequence d'aminoaci- 
des suivante : 
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MHKWILTWILPTLLYRSCFHIICL 

VGTISLACNDMTPEQMATNVNCS 

SPERHTRSYDYMEGGDIRVRRLF 



CRTQWYLRIDKRGKVKGTQEMK 

NYNIMEIRTVAVGIVAIKGVESEF 
YLAMNKEGKLYAKKECNEDCNFK 
ELILENHYNTYASAKWTHNGGEM 
FVALNQKGIPVRGKKTKKEGKTA 

HFLPM AIT 

ladite proteine etant capable de stimuler la syn- 
these d'ADN dans des keratinocytes epidermiques 
BALB/MK quiescents, par un facteur de plus de 500 
x, tout en etant depourvue d'activite mitogene sur 
les f ibroblastes et les cellules endotheliales. 

Proteine KGF de la revendication 1 , dans laquelle 5 
nM de ladite proteine manifested une stimulation 
de moins de 1x par rapport a ractivite de fond dans 
des fibroblastes NIH/3T3. 

Proteine KGF de la revendication 1 ou 2, qui a une 
activite specifique d'au moins environ 3,4 x 10 uni- 
tes par milligramme de proteine, une unite d'activite 
etant definie comme la quantite qui provoque la 
moitie de la stimulation maximale possible de la 
synthese d'ADN dans des keratinocytes BALB/MK. 

Proteine KGF de I'une quelconque des revendica- 
tions 1 a 3, qui est glycosylee. 

Proteine KGF de Tune quelconque des revendica- 
tions 1 a 3, qui n'est pas glycosylee. 

i. Proteine KGF de I'une quelconque des revendica- 
tions 1 a 5, comprenant la sequence d'aminoacides 

CNDMTPEQMATNVNCS 

SPERHTRSYDYMEGGDIRVRRLF 

CRTQWYLRIDKRGKVKGTQEMK 

N 

NYNIMEIRTVAVGIVAIKGVESEF 
YLAMNKEGKLYAKKECNEDCNFK 
ELILENHYNTYASAKWTHNGGEM 
FVALNQKGIPVRGKKTKKEGKTA 

HFLPM AIT 

7. Proteine KGF de I'une quelconque des revendica- 
tions 1 a 5, comprenant une sequence d'aminoaci- 
des differant par I'addition, la deletion ou le 
remplacement d'un ou plusieurs aminoacides de la 
sequence d'aminoacides suivante : 

CNDMTPEQMATNVNCS 

SPERHTRSYDYMEGGDIRVRRLF 

CRTQWYLRIDKRGKVKGTQEMK 

NYNIMEIRTVAVGIVAIKGVESEF 

YLAMNKEGKLYAKKECNEDCNFK 

ELILENHYNTYASAKWTHNGGEM 
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FVALNQKGIPVRGKKTKKEQKTA 
HFLPM AIT 

Proteine KGF de rune quelconque des revendica- 
tions 1 a 5, comprenant une sequence d'aminoaci- s 
des differant par ['addition, la deletion ou !e 
remplacement d'un ou plusieurs aminoacides de ia 
sequence d'aminoacides suivante : 

MHKWILTWILPTLLYRSCFHIICL w 
VGTISLACNDMTPEQMATNVNCS 
SPERHTRSYDYMEGGDIRVRRLF 
CRTQWYLRIDKRGKVKGTQEMK 

NYNIMEIRTVAVGIVAIKGVESEF 15 
YLAMNKEGKLYAKKECNEDCNFK 
ELILENHYNTYASAKWTHNGGEM 
FVALNQKGIPVRGKKTKKEQKTA 

HFLPM A IT 

20 

Proteine KGF de Tune quelconque des revendica- 
tions 1 a 5, comprenant un segment d'aminoacides 
de la figure 11-1 B, qui comprend ies aminoacides 32 
a 78 de la figure 11-1 B pour conferer a la proteine 
KGF une activite mitogene preference lie sur une 25 
cellule epitheiiale. 

0. Proteine KGF de I'une quelconque des revendica- 
' tions 1 a 5, comprenant un segment de la sequence 
d'aminoacides suivante : 30 

MHKWILTWILPTLLYRSCFHIICL 
VGTISLACNDMTPEQMATNVNCS 
SPERHTRSYDYMEGGDIRVRRLF 
CRTQWYLRIDKRGKVKGTQEMK 35 

N 

NYNIMEIRTVAVGIVAIKGVESEF 
YLAMNKEGKLYAKKECNEDCNFK 
ELILENHYNTYASAKWTHNGGEM 
FVALNQKGIPVRGKKTKKEQKTA 40 

H F L P M A I T 

11. Proteine KGF de la revendication 10, consistant en 
' un segment de ia sequence d'aminoacides sui- 
vante : 



12. Proteine de facteur de croissance des keratinocy- 
tes (KGF) glycosyle ou non glycosyle, isole, selon 
I'une quelconque des revendications 1 a 5, consis- 
tant en un segment de la sequence d'aminoacides 
suivante : 

CNDMTPEQMATNVNCS 
SPERHTRSYDYMEGGDIRVRRLF 
CRTQWYLRIDKRGKVKGTQEMK 



N 



MHKWILTWILPTLLYRSCFHIICL 
VGTISLACNDMTPEQMATNVNCS 
SPERHTRSYDYMEGGDIRVRRLFso 
CRTQWYLRIDKRGKVKGTQEMK 

N 

NYNIMEIRTVAVGIVAIKGVESEF 
YLAMNKEGKLYAKKECNEDCNFK 
ELILENHYNTYASAKWTHNGGEM55 
FVALNQKGIPVRGKKTKKEQKTA 
H F L P M A I T. 



NYNIMEIRTVAVGIVAIKGVESEF 
YLAMNKEGKLYAKKECNEDCNFK 
ELILENHYNTYASAKWTHNGGEM 
FVALNQKGIPVRGKKTKKEQKTA 

H F L P M A I T, 

ledit segment ayant une activite mitogene pour un 
keratinocyte, et ledit segment pouvant comprendre 
en outre un residu methionine a I'extremite amino- 
terminale. 

13. Proteine KGF de la revendication 12 qui a une acti- 
vite specifique d'au moins environ 3,4x1 0 4 unites 
par milligramme de proteine, une unite d'activite 
etant definie comme la quantite qui provoque la 
moitie de la stimulation maximale possible de la 
synthese d'ADN dans des keratinocytes BALB/MK. 

14. Proteine KGF de I'une quelconque des revendica- 
tions 1 a 13, ladite proteine KGF comprenant Met a 
I'extremite amino-terminale. 

15. Composition pharmaceutique comprenant au 
" moins une proteine KGF selon I'une quelconque 

des revendications 1 a 14. 

16. Composition pharmaceutique comprenant au 
moins une proteine KGF selon i'une quelconque 
des revendications 1 a 14, pour ia stimulation de 
cellules epitheiiales. 

17. Utilisation de la proteine KGF selon Tune quelcon- 
que des revendications 1 a 14, pour la fabrication 
d'un medicament pour la stimulation de cellules 
epitheiiales. 

18. Utilisation de la proteine KGF selon Tune quelcon- 
que des revendications 1 a 14, pour la fabrication 
d'un medicament, dans laquelle le medicament est 
destine a etre applique topiquement sur la peau ou 
sur Poeil. 

19. Utilisation selon la revendication 18, dans laquelle 
le medicament est destine a etre applique topique- 
ment sur la peau. 

20. Proteine chimere, comprenant dans une seule 
molecule de polypeptide une proteine KGF de I'une 
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queiconque des revendications 1 a 14 et au moins 
une autre partie polypeptidique de la famille des 
facteurs de croissance des fibroblastes. 

21. Proteine chimere de la revendication 20, compre- 5 
nant les aminoacides 32 a 78 de la figure II- 1B, 
pour conferer a la molecule polypeptidique une 
activite mitogene preference lie de KGF pour une 
cellule epitheliale. 

10 

22. Proteine chimere de la revendication 21, dans 
laquelle le facteur de croissance des fibroblastes 
est le facteur de croissance des fibroblastes acide 
(aFGF). 

15 

23. Proteine chimere de la revendication 22, dans 
laquelle la partie polypeptidique de aFGF est defi- 
nie par les residus aminoacides dans la partie de 
aFGF qui est homoiogue de la sequence de KGF 
responsable de la sensibilite de KGF a t'heparine. 20 

24. Proteine chimere de la revendication 23, dans 
laquelle la proteine KGF est definie par les residus 
aminoacides numerates 32 a 78 sur la figure 11-1 B, 
et ladite partie polypeptidique de aFGF est definie 25 
par i'extremite carboxy-terminale de aFGF, com- 
mencant avec le residu numero 39. 

25. Composition pharmaceutique comprenant une pro- 
teine chimere selon I'une queiconque des revendi- 30 
cations 20 a 24, et un vehicule 
pharmaceutiquement acceptable. 

26. Utilisation d'une proteine chimere selon I'une quei- 
conque des revendications 20 a 24, pour la fabrica- 35 
tion d'un medicament destine au traitement d'etats 
necessitant une stimulation specifique de cellules 
epith^liales en presence d'heparine. 

27. Utilisation d'une proteine chimere selon I'une quel- 40 
conque des revendications 20 a 24, pour la fabrica- 
tion d'un medicament qui est destine a etre 
applique topiquement sur la peau ou sur t'oeil. 

28. Anticorps dirige specifiquement contre la proteine 45 
KGF de I'une queiconque des revendications 1 a 
14. 

29. Anticorps de la revendication 28, qui neutralise 
i'activite mitogene du KGF humain. 50 

30. Anticorps de la revendication 28, qui est un anti- 
corps polyclonal. 

31. Anticorps de la revendication 28, qui est un anti- ss 
corps monoclonal. 

32. Anticorps de la revendication 28, qui reagit contre 



le peptide NDMTPEGMATNVR. 

33. Composition pharmaceutique comprenant au 
moins un anticorps de la revendication 28 et un 
vehicule pharmaceutiquement acceptable. 

34. Utilisation de I'anticorps de I'une queiconque des 
revendications 28 a 32, pour la fabrication d'un 
medicament destine a traiter des etats necessitant 
une inhibition specifique de la stimulation de cellu- 
les epitheliales par le KGF. 

35. Molecule d'ADN recombinant, codant pour un fac- 
teur de croissance des keratinocytes (KGF) selon 
I'une queiconque des revendications 1 a 14. 

36. Molecule d'ADN recombinant, codant pour une pro- 
teine chimere selon I'une queiconque des revendi- 
cations 20 a 24. 

37. Molecule d'ADN recombinant comprenant I'ADN de 
la revendication 35 ou 36, et un vecteur. 

38. Molecule d'ADN recombinant de la revendication 
37, dans laquelle ledit vecteur est un plasmide, un 
vecteur de clonage de type bacteriophage, un vec- 
teur plasmtdique de sequencage d'ADN, un vecteur 
d'expression de gene bacterien ou un vecteur 
d'expression de gene mammalien. 

39. Cellule-hote comprenant une molecule d'ADN 
recombinant de la revendication 37 ou 38. 

40. Cellule de la revendication 39, dans laquelle ladite 
cellule est une cellule mammaiienne, une cellule 
d'insecte, une cellule de levure ou une cellule bac- 
terien ne. 

41. Precede de production de la proteine KGF selon la 
revendication 1 , comprenant la culture de la cellule 
de la revendication 39 ou 40, dans un milieu de cul- 
ture, dans des conditions telles que ladite proteine 
est produite. 

42. Precede de la revendication 41, comprenant en 
outre I'isolement de la proteine KGF. 

43. Precede de la revendication 41, dans lequel ladite 
molecule d'ADN recombinant comprend un ADN 
promoteur autre que I'ADN promoteur pour le KGF 
natif, fonctionnellement lie a I'ADN codant pour la 
proteine KGF. 

44. Precede de la revendication 43, dans lequel ladite 
molecule d'ADN recombinant comprend de I'ADN 
natif codant pour la proteine KGF. 

45. Precede de I'une queiconque des revendications 
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41 a 44, dans lequel ladite cellule est une cellule de 
£ coli 

46. Procede de production de la proteine ou proteine 
" chimere KGF de rune quelcpnque des revendica- 5 
tions 1 a 1 4 ou 20 a 24, comprenant les etapes sui- 
vantes : 

I) mise en contact d'une premiere solution, 

\ comprenant ladite proteine, avec de I'heparine, t 
. dans des conditions telles que ladite proteine 
• se lie a I'heparine, ce par quoi un complexe 
heparine-proteine est forme ; 

II) separation dudit complexe heparine-pro- 
teine de ladite premiere solution ; et * 

III) dissociation de ladite proteine du complexe 
heparine-proteine. 

47. Procede pour la determination du taux d'un trans- 
crit d'ARN de KGF, comprenant les etapes suivan- i 
tes : 

I) isolement d'ARNm a partir de tissus ou de 
cellules ; 

II) hybridation dudit ARNm avec une sonde 
d'ADN codant pour une proteine KGF selon 
I'une quelconque des revendications 1 a 14, 
pour la formation d'un hybride ADN:ARN ; et 

III) determination de la quantite dudit hybride 
ADN:ARN. 

48. Precede pour la detection d'une proteine KGF dans 
un echantillon, comprenant : 

I) la mise en reaction de polypeptides prove- 
nant de liquides corporels ou d'echantillons de 
tissus, avec un anticorps de la revendication 
29, pour la formation d'un complexe anticorps- 
poly peptide ; et 

II) la detection dudit complexe. 

49. Composition comprenant une proteine KGF ou pro- 
teine chimere de I'une quelconque des revendica- 
tions 1 a14ou 20 a 24. 

50. Procede de stimulation de la croissance de cellules 
epitheliales in vitro, comprenant I'addition d'une 
quantite de la composition de la revendication 49, 
suffisante pour stimuler la croissance de cellules 
epitheliales. 

51. Procede de la revendication 50, dans lequel lesdi- 
tes cellules sont des keratinocytes. 

Revendications pour I'Etat contractant sulvant : ES 

1. Procede pour la production d'une proteine de fac- 
teur de croissance des keratinocytes (KGF) isolee, 



glycosylee ou non glycosylee, comprenant : (a) la 
sequence d'aminoacides suivante, (b) une partie 
de la sequence d'aminoacides suivante sans les 31 
aminoacides N-terminaux, ou (c) une sequence 
d'aminoacides qui differe par ('addition, la deletion 
ou le remplacement d'un ou plusieurs aminoacides 
de la sequence d'aminoacides suivante : 

MHKWILTWILPTLLYRSCFHIICL 
VGTISLACNDMTPEQMATNVNCS 
SPERHTRSYDYMEGGDIRVRRLF 
CRTQWYLRIDKRGKVKGTQEMK 

N 

NYNIMEIRTVAVGIVAIKGVESEF 
YLAMNKEGKLYAKKECNEDCNFK 
ELILENHYNTYASAKWTHNGGEM 
FVALNQKGIPVRGKKTKKEQKTA 

HFLPM AIT 

ladite proteine etant capable de stimuler la syn- 
thase d'ADN dans des keratinocytes epidermiques 
BALB/MK quiescents, par un facteur de plus de 500 
x, tout en etant depourvue d'activite mitogene sur 
les fibroblastes et les cellules endothelials, com- 
prenant la culture d'une cellule-hote comprenant 
une molecule d'ADN recombinant codant pour 
ladite proteine KGF, dans des conditions telles que 
ladite proteine est produite. 

2. Procede de la revendication 1 , dans laquelle 5 nM 
de ladite proteine manifestent une stimulation de 
moins de 1x par rapport a I'activite de fond dans 
des fibroblastes NIH/3T3. 

3. Procede de la revendication 1 ou 2, dans lequel la 
proteine KGF a une activite specifique d'au moins 
environ 3,4x1 0 4 unites par milligramme de pro- 
teine, une unite d'activite etant definie comme la 
quantite qui provoque la moitie de la stimulation 
maximale possible de la synthese d'ADN dans des 
keratinocytes BALB/MK. 

4. Procede de I'une quelconque des revendications 1 
a 3, dans lequel la proteine KGF est glycosylee. 

5. Procede de I'une quelconque des revendications 1 
a 3, dans lequel la proteine KGF n'est pas glycosy- 
lee. 

6. Procede de I'une quelconque des revendications 1 
a 5, dans lequel ladite proteine KGF comprend la 
sequence d'aminoacides 

CNDMTPEQMATNVNCS 

SPERHTRSYDYMEGGDIRVRRLF 

CRTQWYLRIDKRGKVKGTQEMK 

N 

NYNIMEIRTVAVGIVAIKGVESEF 
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YLAMNKEGKLYAKKECNEDCNFK 
ELILENHYNTYASAKWTHNGGEM 
FVALNQKGIPVRGKKTKKEQKTA 

HFLPMAIT. 

5 

7 Procede de Tune quelconque des revendications 1 
a 5, dans lequel ladite proline KGF comprend une 
sequence d'aminoacides different par ('addition, la 
deletion ou le rempiacement d'un ou plusieurs ami- 
noacides de la sequence d'aminoacides suivante : io 

CNDMTPEQM ATNVNCS 
SPERHTRSYDYMEGGDIRVRRLF 
CRTQWYLRIDKRGKVKGTQEMK 

N 

NYNIMEIRTVAVGIVAIKGVESEF 
YLAMNKEGKLYAKKECNEDCNFK 
ELILENHYNTYASAKWTHNGGEM 
FVALNQKGIPVRGKKTKKEQKTA 

HFLPMAIT 20 

8 Precede de I'une quelconque des revendications 1 
a 5 dans lequel ladite proline KGF comprend une 
sequence d'aminoacides difterant par I'addition, la 
deletion ou le rempiacement d'un ou plusieurs ami- 25 
noacides de la sequence d'aminoacides suivante : 

MHKWILTWILPTLLYRSCFHIICL 
VGTISLACNDMTPEQMATNVNCS 
SPERHTRSYDYMEGGD1RVRRLF30 
CRTQWYLRIDKRGKVKGTQEMK 

N 

NYNIMEIRTVAVGIVAIKGVESEF 
YLAMNKEGKLYAKKECNEDCNFK 
ELILENHYNTYASAKWTHNGGEM35 
FVALNQKGIPVRGKKTKKEQKTA 

HFLPMAIT 

9 Procede de I'une quelconque des revendications 1 
a 5, dans lequel ladite proline KGF comprend un 40 

segment d'aminoacides de la figure 11-1 B, qui com- 
prend les aminoacides 32 a 78 de la figure 11-1 B 
pour conferer a la proline KGF une activite mito- 
gene preference lie sur une cellule epitheliale. 

45 

10. Proced6 de I'une quelconque des revendications 1 
' a 5, dans lequel ladite proline KGF comprend un 
segment de ia sequence d'aminoacides suivante : 

MHKWILTWILPTLLYRSCFHIICL so 
VGTISLACNDMTPEQMATNVNCS 
SPERHTRSYDYMEGGDIRVRRLF 
CRTQWYLRIDKRGKVKGTQEMK 

N 

NYNIMEIRTVAVGIVAIKGVESEF 55 
YLAMNKEGKLYAKKECNEDCNFK 
ELILENHYNTYASAKWTHNGGEM 
FVALNQKGIPVRGKKTKKEQKTA 



HFLPMAIT. 



11. Proc6de de la revendication 10, dans lequel ladite 
proteine KGF consiste en un segment de la 
sequence d'aminoacides suivante : 

MHKWILTWILPTLLYRSCFHIICL 
VGTISLACNDMTPEQMATNVNCS 
SPERHTRSYDYMEGGDIRVRRLF 
CRTQWYLRIDKRGKVKGTQEMK 

N 

NYNIMEIRTVAVGIVAIKGVESEF 
YLAMNKEGKLYAKKECNEDCNFK 
ELILENHYNTYASAKWTHNGGEM 
FVALNQKGIPVRGKKTKKEQKTA 

HFLPMAIT. ' 

12. Procede pour la production d'une proteine de fac- 
teur de croissance des keratinocytes (KGF) glyco- 
sylee ou non giycosylee, isolee, selon I'une 
quelconque des revendications 1 a 5, consistant en 
un segment de la sequence d'aminoacides sui- 
vante : 



CNDMTPEQM ATNVNCS 

SPERHTRSYDYMEGGDIRVRRLF 

CRTQWYLRIDKRGKVKGTQEMK 

N 

NYNIMEIRTVAVGIVAIKGVESEF 
YLAMNKEGKLYAKKECNEDCNFK 
ELILENHYNTYASAKWTHNGGEM 
FVALNQKGIPVRGKKTKKEQKTA 

HFLPMAIT, 

ledit segment ayant une activite mitogene pour un 
keratinocyte, et ledit segment pouvant comprendre 
en outre un residu methionine a I'extremite amino- 
terminale, comprenant la culture d'une cellule note 
comprenant une molecule d'ADN recombinant 
codant pour ladite proteine KGF, dans des condi- 
tions teiles que ladite proteine est produite. 

13. Procede de la revendication 12, dans lequel ladite 
' proteine KGF a une activite specifique d'au moins 

environ 3,4x1 0 4 unites par milligramme de pro- 
line, une unite d'activite etant dSfinie comme la 
quantity qui provoque la moitiS de la stimulation 
maximale possible de la synthese d'ADN dans des 
keratinocytes BALB/MK. 

14. Procede de I'une quelconque des revendications 1 
a 13, dans lequel ladite proteine KGF comprend 
Met a I'extremite amino-terminale. 

15. Procede pour la production d'une composition 
pharmaceutique comprenant au moins une pro- 
teine KGF selon I'une quelconque des revendica- 
tions 1 a 14, comprenant la preparation de ladite 
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composition pharmaceutique, d'une fagon connue 



en soi. 

16. Procede pour la production d'une composition 
' pharmaceutique comprenant au moins une pro- 
teine KGF selon Tune quelconque des revendica- 
tions 1 a U, pour la stimulation de cellules 
epitheliales, comprenant la preparation de ladite 
composition pharmaceutique, d'une facon connue 
en soi. 

17 Procede pour la fabrication d'un medicament com- 
" prenant une proteine KGF selon Tune quelconque 

des revendications 1 a 14 dans lequel le medica- 
ment est destine a etre applique topiquement sur la 
peau ou sur I'oeil, comprenant la fabrication dudtt 
medicament d'une fagon connue en soi. 

18 Procede selon la revendication 17 dans lequel le 
' medicament est destine a etre applique topique- 
ment sur la peau. 

19 Procede pour la production d'une proteine chimere, 
dans lequel ladite proteine chimere comprend dans 
une seuie molecule de polypeptide une proteine 
KGF de I'une quelconque des revendications 1 a 14 
et au moins une autre partie polypeptidique de la 
famille des facteurs de croissance des fibroblastes, 
comprenant la culture d'une cellule-hote, compre- 
nant une molecule d'ADN recombinant codant pour 
ladite proteine chimere, dans des conditions telles 
que ladite proteine chimere est produite. 

20. Procede de la revendication 19, dans lequel ladite 
" proteine chimere comprend les aminoacides 32 a 

78 de la figure 11-1 B, pour conferer a la molecule 
polypeptidique une activite mitogene preferentielle 
de KGF pour une cellule epitheliale. 

21. Procede de la revendication 20, dans lequel le fac- 
' teur de croissance des fibroblastes est le facteur de 

croissance des fibroblastes acide (aFGF). 

22. Procede de la revendication 21 . dans lequel la par- 
tie polypeptidique de aFGF est definie par les resi- 
dus aminoacides dans la partie de aFGF qui est 
homologue de la sequence de KGF responsable de 
la sensibilite de KGF a I'heparine. 

23. Procede selon la revendication 22, dans lequel la 
proteine KGF est definie par les residus aminoaci- 
des numerates 32 a 78 sur la figure 11-1 B, et ladite 
partie polypeptidique de aFGF est definie par 
l-extremite carboxy-terminaie de aFGF, commen- 
gant avec le residu numero 39. 

24. Procede pour la preparation d'une composition 
pharmaceutique comprenant une proteine chimere 



selon I'une quelconque des revendications 19 a 23, 
et un vehicule pharmaceutiquement acceptable, 
comprenant la preparation de ladite composition 
pharmaceutique d'une fagon connue en soi. 

5 25 Procede pour la fabrication d'un medicament pour 
" le traitement d'etats necessitant une stimulation 
specifique de cellules epitheliales en presence 
d'heparine, dans lequel ledit medicament com- 
w prend une proteine chimere selon I'une quelconque 
des revendications 19 a 23, comprenant la fabrica- 
tion dudit medicament d'une fagon connue en soi. 

26 Procede pour la fabrication d'un medicament qui 
is est destine a etre applique topiquement la peau ou 

sur I'oeil, dans lequel ledit medicament comprend 
une proteine chimere selon I'une quelconque des 
revendications 19 a 23, comprenant la fabrication 
dudit medicament d'une fagon connue en soi. 

20 . ... 

27 Procede pour la production d'un anttcorps spectfi- 
' quement dirige conte la proteine KGF de I'une quel- 
conque des revendications 1 a 14, comprenant la 
culture d'une cellule-h6te comprenant une mole- 

25 cule d'ADN recombinant codant pour ledit anti- 
corps, dans des conditions telles que ledit anticorps 
est produit. 

28. Procede de la revendication 27, dans lequel ledit 
so anticorps neutralise I'activite mitogene du KGF 

humain. 

29. Procede de la revendication 27, dans lequel ledit 
anticorps est un anticorps polyclonal. 



35 

30. Procede de la revendication 27, dans lequel ledit 
anticorps est un anticorps monoclonal. 

31 Procede de la revendication 27, dans lequel ledit 
40 ' anticorps reagit conte le peptide NDMTPEQMA- 
TNVR. 

32. Procede pour la preparation d'une composition 
pharmaceutique comprenant au moins un anti- 
45 corps de la revendication 27 et un vehicule pharma- 
ceutiquement acceptable, comprenant la 
preparation de ladite composition pharmaceutique 
d'une fagon connue en soi. 

so 33. Procede pour la fabrication d'un medicament des- 
tine au traitement d'etats necessitant une inhibition 
specifique de la stimulation de cellules epitheliales 
par le KGF, dans lequel ledit medicament com- 
prend I'anticorps de I'une quelconque des revendi- 
55 cations 27 a 31, comprenant la fabrication dudit 
medicament d'une fagon connue en soi. 

34. Procede pour la production d'une molecule d'ADN 
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recombinant, codant pour un facteur de croissance 
des keratinocytes (KGF) selon I'une quelconque 
des revendications 1 a 14, comprenant la construc- 
tion de ladite molecule d'ADN recombinant d'une 
facon connue en soi. 

35. Precede pour la production d'une molecule d'ADN 
recombinant, codant pour une proteine chimere 
selon I'une quelconque des revendications 19 a 23, 
comprenant la construction de ladite molecule 
, d'ADN recombinant, d'une facon connue en soi. 

36. Precede pour la production d'une molecule d'ADN 
' recombinant comprenant I'ADN de la revendication 

34 ou 35, et un vecteur, comprenant la construction 
de ladite molecule d'ADN recombinant, d'une fagon 
connue en soi. 

37. Precede de la revendication 36, dans lequel ledit 
" vecteur est un plasmide, un vecteur de clonage de 

type bacteriophage, un vecteur plasmidique de 
sequencage d'ADN, un vecteur d'expression de 
gene bacterien ou un vecteur d'expression de gene 
mammalien. 

38. Precede pour la production d'une cellule-hote com- 
prenant une molecule d'ADN recombinant de la 
revendication 36 ou 37, comprenant la transforma- 
tion d'une cellule-hdte par ladite molecule d'ADN 
recombinant. 
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39. Precede de la revendication 38, dans lequel ladite 
cellule est une cellule mammalienne, une cellule 
d'insecte, une cellule de levure ou une cellule bac- 
terienne. 35 



40. Precede de production de la proteine KGF selon la 
revendication 1 , comprenant la culture de la cellule 
de la revendication 38 ou 39, dans un milieu de cul- 
ture, dans des conditions telles que ladite proteine 
est produite. 

41. Precede de la revendication 40, comprenant en 
outre Pisolement de la proteine KGF. 

42. Precede de la revendication 40, dans lequel ladite 
molecule d'ADN recombinant comprend un ADN 
promoteur autre que I'ADN promoteur pour le KGF 
natif, fonctionnellement Ii6 a I'ADN codant pour la 
proteine KGF. 

43. Precede de la revendication 42, dans lequel ladite 
molecule d'ADN recombinant comprend de I'ADN 
natif codant pour la proteine KGF. 

44. Precede de I'une quelconque des revendications 
40 a 43, dans lequel ladite cellule est une cellule de 
E. coli. 



45. Procede de production de la proteine ou proteine 
chimere KGF de I'une quelconque des revendica- 
tions 1 a 14 ou 19 a 23, comprenant les etapes sui- 
vantes : 

5 

I) mise en contact d'une premiere solution, 
comprenant ladite proteine, avec de I'heparine, 
dans des conditions telles que ladite proteine 
se lie a I'heparine, ce par quoi un complexe 

10 heparine-proteine est forme ; 

II) separation dudit complexe heparine-pro- 
teine de ladite premiere solution ; et 

III) dissociation de ladite proteine du complexe 
heparine-proteine. 

46. Procede pour la determination du taux d'un trans- 
" critd'ARN de KGF, comprenant les etapes suivan- 
tes : 

I) isolement d'ARNm a partir de tissus ou de 
cellules ; 

II) hybridation dudit ARNm avec une sonde 
d'ADN codant pour une proteine KGF selon 
I'une quelconque des revendications 1 a 14, 
pour la formation d'un hybride ADN:ARN ; et 

III) determination de la quantite dudit hybride 
ADN:ARN. 

47. Procede pour la detection d'une proteine KGF dans 
un echantillon, comprenant : 

I) la mise en reaction de polypeptides prove- 
nant de liquides corporels ou d'echantillons de 
tissus, avec un anticorps de la revendication 
28, pour la formation d'un complexe anticorps- 
polypeptide ; et 

II) la detection dudit complexe. 
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48. Procede pour la preparation d'une composition 
comprenant la proteine ou proteine chimere KGF 
de I'une quelconque des revendications 1 a 14 ou 
19 a 23, comprenant la preparation de ladite com- 
position d'une facon connue en soi. 

49. Procede de stimulation de la croissance de cellules 
epitheliales in vitro, comprenant I'addition d'une 
quantite de la composition de la revendication 46, 
suffisante pour stimuler la croissance de cellules 
epitheliales. 

50. Procede de la revendication 49, dans lequel lesdi- 
tes cellules sont des keratinocytes. 
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Figure 1-2. 
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Figure 1-5. 



Table 1-1. 


Growth Factor 


Purification 


Purification 


P rota in 


total 


Spacmc 


attp 




activity # 
(unftt> 


activity 
(unlts/og) 


Conditioned mm6\m 


1.4 x 10 3 * 


2.5 i 10* 


1.8 a 10 1 


(10 Uttn) 








Ultrafiltration 


1.3 x 10 3 ' 


3.2 i 10* 


2.3 i 10 1 


(rottntato) 








HttC 


0.7^ 


1.6 * 10* 


2.2 x 10* 


0.6 m NaCl pool 








TSt-CSOOO SU 


a. 4 k io" 3 * 


2.7 a 10 3 


3.2 a 10 5 




6.1 x 10* 


2.1 a 10 2 


3.* a 10* 
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Tabl 1-2. Target Cell Specif icit. of Growth 
Factors 



firowth factor 



ULI/« «U« " ,H/3I3S HU " n ^ , ~ U ' 





500-1000 


2-3 


5-10 


«1 


<1 


EG' 


100-200 


20-40 


10-30 


10-20 


n.d. 


TCfa 


150*300 


n.d. 


tud. 


10-20 


n.d. 


•rer* 


300-SOO 


2-3 


5*10 


$0-70 


5 


bfGF 


100-200 


2-3 


2-5 


SO-70 


5 




Figure II-ia. 
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Figure II-lB. 
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Figure II-1C. 
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Figure II-2. 
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Figure 



A) KGF 



B) TGF-oc 



C) EGF 
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D) Acidic FGF 
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F) Actin 
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TABLE II-l. Effect of Heparin on KGF Mitog«nie 
Activity. 



♦ 




♦ 




ISO 


9.5 


<1 


«t 


106 


»9 


10.4 


M 


30 


124 


45.7 


70 
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